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ABSTRACT 

'The computer program for the Raytheon three- 

dimensional trajectory optimization deck (TOS) is 

described together with instructions for its use. 

This deck determines the angle-of-attack and bank- 

angle histories that optimizes a specified payoff 

function subject to as many as nine terminal constraints. 

A steepest-ascent optimization technique is employed 

and an automatic-convergence procedure is incorporated 

to facilitate convergence. The program is written 

in FORTRAN IV for the IBM 7090/7094 operating under 

the Basic Monitor ( I B S Y S ) .  
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FOREWORD 

This volume describes the current version of the 

Raytheon three-dimensional trajectory optimization com- 

puter program (TOS) which is written principally in 

FORTRAN IV. It supersedes a volume bearing the same 

title and issued as Raytheon Company Report BR-1759-2 

(also, Aeronautical Systems Division Report N o .  ASD- 

TDR-62-295, Part 11) which described the original TOS 

deck. 

The conversion of this program to FORTRAN IV 

and its modification to include an automatic-convergence 

procedure and other features that will increase its 

usefulness was supported by the NASA Langley Research 

Center under Contract NAS 1 - 4056. 

A description of the mathematical formulation of 

this program is given in Raytheon Company Report BR-3136-1, 

Three Dimensional Trajectory Optimization Study, Part I - 
Optimum Proqramminq Formulation. 
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1 .  INTRODUCTION 

TOS is a computer program f o r  the IBM 7090/7094, which determines t r a -  

jector ies  i n  three  dimensions that maximize o r  minimize a specified payoff func- 

tion subject to terminal  constraints using the steepest-ascent technique, The 

steepest-ascent technique employs the concept of local linearization around a 

nominal path. 

control-variable programs is determined by numerical  integration of the adjoint 

differential equations and computation of the associated impulse response functions. 

These functions make possible the determination of the new control-variable 

programs that yield a maximum change in the payoff function for  a given squared 

perturbation in  the control-variable programs while simultaneously changing 

terminal  quantities by des i red  amounts. By repeating this procedure,  control- 

variable programs that optimize one terminal quantity and yield specified values 

of other terminal  quantities can be approached a s  closely as desired.  

The effect on the terminal conditions of small changes in the 

The TOS computer program is written for  the IBM 7090/7094 to  be run  under 

the Basic Monitor (IBSYS). 

routine, the differential  equation solving routine, and severa l  auxiliary routines. 

The main fea tures  of the TOS computer program are: 

TOS is written in FORTRAN IV except for  the input 

1 )  It solves the t ra jectory of a vehicle in three  dimensions subject to 

two control variables,  angle of attack and bank angle. 

is t reated as a particle and the ear th  is approximated as an  oblate 

spheroid having an  atmosphere rotating with it, 

drag coefficients as functions of angle of attack and mach number 

a r e  provided f o r  th ree  boost stages and a glide stage. The thrust  

and mass his tor ies  fo r  the boost stages a r e  input as tables also. 

The vehicle 

Tables for  lift and 

2 )  Equations f o r  total heat, pilot acceleration dose, and heating-rate 

and altitude penalty functions a r e  integrated along with the trajectory.  

Space is provided in the program fo r  two additional penalty functions. 

1-1 
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3 )  A l ibrary  of 23 functions is provided f rom which may be selected 

the payoff, stopping, and terminal  constraint functions. Other 

functions may be added easily. 

An automatic convergence procedure controls the s ize  of s teepest-  

ascent step, modifies the computed control-variable p rograms  * 

during the integration of the state equations, and introduces other 

features  that facil i tate rapid convergence. 

Flexible input and output routines a r e  incorporated in the deck, 

4) 

5)  

1-2  



I1 

2. SYSTEM A N D  COMPUTER REQUIREMENTS 

The TOS computer program is written for  the IBM 7090 /7094  to  be run under 

the Basic Monitor (IBSYS). 

TOS uses  the overlay feature and requires one additional tape above those 

necessary fo r  the Monitor. 

2- 1 
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3 ,  PROGRAM DESCRIPTION 

3 .  1 List  of Subprograms 

Name 

TOS 

STE 

ADT 

CLD 

P R L  

FCT 

SFR 

PIN 

ITM 

TML 

MVL 

CLR 

E M K  

UN8 

ATMl 

BLNl 

LINl 

MIV 

OUT 

MARK 

SMK1 

VFI 

Fu nc t i 0 n 

Main P rogram 

Forward Trajectory 

Adjoint T r a j e e to r y 

Lift and Drag Coefficients 

Par t ia l  De rivative s 

Payoff, Stopping, and Constrain 

Save Forward Trajectory 

Read and Pr in t  Input 

Slave to OUT 

Triple Matrix Product (TOS) 

Matrix Inversion (TOS) 

Clear Memory 

Obtain MARK E r r o r  Information 

Fi le  Definition fo r  Scratch Tape 

Func 

A tmo sp her  e Subroutine 

Bivariate Linear Interpolation 

Linear Interpolation 

Matrix Inversion 

Output Routine 

Differential Equation Solving Routine 

FORTRAN Driver f o r  MARK 

Variable Field Input Routine 

ions 

Coding 

FORTRAN IV 

FORTRAN IV 

FORTRAN IV 

FORTRAN IV 

FORTRAN IV 
FORTRAN IV 

FORTRAN IV 

FORTRAN IV 

FORTRAN IV 

FORTRAN IV 

FORTRAN IV 
MAP 

MAP 

MA P 

MAP 

MAP 

MAP 

FORTRAN IV 
FORTRAN IV 

MAP 

MAP 

MAP 

3 -  1 



3. 2 General Description of TOS 

3 ,  2. 1 Input and Initialization ( P I N )  

The f i r s t  thing TOS does is to initialize various quantities, se t  nominal 

values f o r  input, and se t  up the symbol table for  the input routine. 

variable field input routine, VFI, written by AVCO and modified by Raytheon f o r  

use in  this program. 

and a l so  includes a discussion of the features  of the variable field input program 

used by TOS. The complete input for  each problem is l isted as the f i r s t  printout 

of the problem using PIN,  

since that option mere ly  l i s t s  the specific cards  read to initiate a par t icular  

problem. 

TOS uses  a 

Section 4 descr ibes  the input necessary for  this program 

This feature  is prefer red  to the PRINT option in V F I  

3 .  2. 2 Forward Traiectorv (STE) 

TOS next computes the forward t ra jectory by integrating the s ix  differ-  

ential equations of motion plus s ix  auxiliary equations, the las t  two of which a r e  

undefined in  the current  deck and set  to zero,  

routine used by TOS is MARK, MARK is driven by another routine, SMK.. . 

MARK and SMK a r e  described i n  Sections 3 .  12 and 3 ,  13. Thc Lwelve differcn- 

tial equations a r e  integrated in the variable Adams-Moulton method using second 

differences. 

The differential equation solving 

The input f o r  this section consists of the initial values of the stage equa- 

tions and the control-variable tables for  angle of attack, Q .  and bank angle, CT, 

These values a r e  read f rom the input tape. 

The output of this section, disregarding the print  output, i s  a table of 

the independent variable,  t ime, and the twelve dependent var iables  a t  each inte- 

gration step.  

is entered after every integration step and when the stopping condition i s  reached 

These values along with the end conditions a r e  used as input to the adjoint t r a -  

je  cto ry. 

These values a r e  saved on tape in  subroutine SRF. This routine 

The pr int  output of the forward t ra jec tory  is selected through input. A 

description of this output can be found in Section 5. 

The forward t ra jectory i s  terminated when the stopping condition i s  

The stopping condition i s  specified through the stopping function reached. 

3 - 2  
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number and the stopping value which a r e  pa r t  of input. 

number is used by function FCT to get the value of the stopping function a t  any 

t ime, 

The stopping function 

3. 2.3 Adjoint Trajectory (ADT) 

This section computes the adjoint t ra jectory associated with the forward 

t ra jectory previously calculated. 

constraint function there  a r e  twelve adjoint differ entia1 equations, 

these differential equations need be  integrated since six a r e  constant. 

Fo r  the payoff function and each terminal-  

Only six of 

The initial values of the adjoint differential equations a r e  computed via 

the subroutine PRL,  which evaluates the par t ia l  derivatives of the payoff and con- 

s t ra int  functions with respect  to the state variables.  

These differential equations a re  a l so  computed by MARK. A second 

difference] variable Adams-Moulton method is used. 

The adjoint t ra jectory uses the end conditions of the forward t ra jectory 

together with the tape constructed during the forward trajectory to compute the 

adjoint differential equations. 

The adjoint t ra jectory is divided into 200 equally spaced intervals 

(201 points), 

table, GL. 

strzi3K fuiictjon, one with respect to a ,  the other with respect to (T. 

A t  these 201 points the impulse response functions a r e  saved in  a 

There  a r e  two impulse response functions p e r  each payoff and con- 

** I and I ++’ $+, At the termination of the adjoint t ra jectory the I 
integrals  are  computed. 

3 .  2. 4 New Control-Variable Programs 

and I integrals,  ** The impulse response function table, GL, the I ++, 
and the cur ren t  value of the steepest-ascent step s ize ,  (dP)  , a r e  used to compute 

new control-variable programs.  

tables,  ALPHX and SIGMX. 

201 values of cr. 

The control-variable programs consist  of two 

ALPHX is composed of 201 values of Q! and SIGMX 

3. 2. 5 Analysis 

This section falls between the forward t ra jectory and adjoint trajectory.  

Here  seve ra l  convergence c r i te r ia  a r e  tested and the steepest-ascent step size  

is changed depending on these tests.  

A check i s  a l so  made for  the stopping conditions for  the case ,  
3 - 3  



I1 
3 .  2.6 Miscellaneous Subprograms 

FCT 

FCT i s  a function subprogram which computes the payoff, stopping, 
and constraint functions. 

re turns  with the function. 

stopping, o r  constraint functions. Others may be added. 

TOS contains the names of these functions for  use with pr int  out. 

The routine is entered with the function number and 

FCT has 23 functions which may be  used as payoff, 

The table F N A M E  in  

CLD 

CLD is a subroutine which obtains the lift and drag coefficients f r o m  

input tab1 e s by bivariate l inear  interpolation. 

IT M - 
ITM is a subroutine to  OUT which obtains the functions specified by 

the reference numbers in the IGO statement for  u se  in  the printout. 

UN8 provides the file definition fo r  the scra tch  tape. 

3 .  3 $IBFTC TML 

Triple Matrix Product Function Subprogram for  TOS program 

Purpose: Given three  mat r ices  to compute their  product eliminating 

specified rows and columns. 

Usage: Calling sequence: 

X = TMAML(A,B,C ,L)  

where A is  a 1 x 8 ma t r ix  

B is a n  8 x 8 mat r ix  

C is a n  8 x 1 ma t r ix  

and L i s  a 1 x 8 mat r ix  

x will  equal the product of A x B x C where the rows and columns of all 

the mat r ices  a r e  eliminated if the respective component in  the L ma t r ix  equals 0. 

A ,  B, and C a r e  rea l  mat r ices .  L m a y  be  a rca l  o r  integer matr ix .  

3 - 4  
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3 .  4 $IBFTC MVL 

Matrix Inversion Subroutine for  the TOS P r o g r a m  

Purpose: Given a matrix find its inverse eliminating specified rows and 

columns. 

Usage: Calling sequence: 

CALL MINVL (A, AI, ID) 

where A is a n  8 x 8 mat r ix  to  be inverted 

AI is the inverted mat r ix  (8 x 8)  
ID is a 1 x 8 matrix which designates which columns and 

rows a r e  to be eliminated. 

and 

If a component in  the ID mat r ix  = 0 the respective rows and columns in  

A a r e  eliminated. The A mat r ix  i s  then inverted and s tored in the AI matrix.  

The rows and columns that were  eliminated in the A matr ix  a r e  set  to 0 i n  the 

inve r s e. 

This subroutine uses  SUBROUTINE MATINV to  obtain the inverse.  

3. 5 $IBMAP CLR 

Clear  Storage Subroutine 

Purpose:  To c l ea r  specified portions of memory.  

TUTsage; Caiiing sequence: 

CALL CLEAR (A, B, C,D, . . . . . . . ) 
Core locations A through B, C through D, e tc . ,  will be cleared to 

zero.  

3 .  6 $IBMAP EMK 

Obtain Mark E r r o r  Information 

Purpose:  To obtain the step s ize  and truncation e r r o r  f rom the MARK 

integration routine. 

3 - 5  
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Usage: Calling sequence: 

CALL EMARK(HC, RGERR) 

The subroutine returns  with the actual step s ize  in HC and the 

truncation e r r o r  in  RGERR. 

3.7 RM-ATM1 

U. S. Standard Atmosphere, 1962 

J. A. Maltais - Aug. 30, 1963 

Raytheon Company, Missile Systems Division 

Purpose 

ATM 01 is a closed subroutine which furnishes a model of the U. S. 

Standard Atmosphere, 1962 for  the propert ies :  p re s su re ,  density, and speed of 

sound. 

De s c rip t i on 

The U. S. Standard Atmosphere, 1962 is described for  the altitude range 

The defining property of this a tmos-  

On the bas i s  of the molecular scale  

-5  km (-16404 f t )  to 700 k m  (2, 296, 588 ft) .  

phere  is the molecular scale  temperature.  

temperature  the atmosphere is  divided into a sys tem of twenty-one layers .  The 

base of each layer  has associated with it a par t icular  molecular sca le  tempera-  

tu re  with a constant temperature  gradient ac ross  the layer .  

The numerical  computation of the atmospheric  propert ies  resu l t s  i n  a 

dichotomy of the calculations for  altitudes l e s s  than and g rea t e r  than 90 k m  

(295, 276 ft) .  The variation in  the calculations directly concerns molecular 

scale  temperature  and p r e s s u r e  and indirectly density and speed of sound. 

geometric altitudes (2) l e s s  than 9 0  k m  the approximation for  geopotential altitude 

) where (a) i s  the ea r th ' s  equatorial  radius. a (H) is H = z (- a t z  
altitudes greater  than 90 km p res su re  is expressed  as an  integral  and is evaluated 

using a three point Simpson's rule  quadrature  formula.  

f o r  gravity which appears  in the expression fo r  p r e s s u r e s  above 90 km is 

For 

F o r  geometric 

The approximation used 

3-6  
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For  altitudes grea te r  than 90 km, the value of the speed of sound is set  

At altitudes g rea t e r  than 700 km, the values a rb i t ra r i ly  at the value f o r  90 km. 

f o r  p re s su re ,  density, and speed of sound a r e  set  to zero.  

Input and output to this subroutine is expressed in  English units, but the 

internal calculations a r e  performed i n  the met r ic  system of units. 

Usage  

The following is a description of the way ATM 01 may be used: 

CALLATM (H, A )  

where 

and 

H i s  the location containing the altitude in feet 

A i s  the f i r s t  cell  of a block of th ree  locations where the 

calculated values of p re s su re ,  density, and speed of 

sound a r e  s tored by the subroutine. 

at A ( l ) ,  density at A (2 ) ,  and speed of sound at A (3) .  

P r e s s u r e  is  s tored 

2 A (1) P r e s s u r e ,  i n  LBF/FT 

A ( 2 )  Density, in  SLUGS/FT3 

A ( 3 )  Speed of sound, i n  FT/SEC 

Restrictions 

ATM 01 requires  the use  of three subroutine subprograms: namely, 

LOG, EXP,  andSQRT. 

3 . 8  RM BLN1 

Bivariate Linear Interpolation 

7040/7044 7090/7094 IBMAP 

R. Goodell - July 21, 1964 

Raytheon Company, Missile Systems Division 

etc. , by double 1, 229 Purpose:  Given the arguments  x and y compute z 

l i nea r  interpolation f r o m  unequally spaced tables of x's, y ' s ,  zl's, zz ' s ,  etc. 

If x and/or y is outside the range of their  tables,  the z ' s  a r e  set  equal to  the 

nea res t  value in  the table. 

3 - 7  



Usage: Calling sequence: 

CALL BILIN(N, X, XTAB, Y, YTAB, Z l ,  ZlTAB, 22, Z2TAB 

as many dependent variables and tables as des i red)  

where N = re turn indicator 

1 - x and y within range 

2 - x l o w  

3 - x high 

4 - y l o w  (y off range returns  overr ide the 

5 - y high 

X = argument x 

XTAB = location of table of x's 

Y = argument y 

YTAB = location of table of y ' s  

Z l  = dependent variable z 

ZlTAB = location of table of z I s  

z2 = dependent variable z 

Z2TAB = location of table of z I s  

x off range re turns)  

1 

1 

2 

2 

Notes 

1) The x's and y 's  tables 

increasing value. 

The x's and y 's  tables 

equal). 
2 )  

a r e  terminated by a nonmonotonically 

must  be monotonically increasing (may 

3 )  

4)  

There  must  be a t  least  two values in  both x's and y ' s  tables. 

The tables of z ' s  a r e  s tored contiguously with the x's varying 

Examr, 1 e 

x 4  

- 1  0 2 

Y - l o r  L -  7 

be  

f i r s t .  

3 - 8  



Table as it would appear in storage: 

XTAB DEC - 1. 

DEC , 
I 0. 
I DEC 2. 

DEC 0. 

YTAB DEC - 10. 

DEC - 7. 
DEC - 100,' 

ZTAB DEC 6. 
DEC 8. 
DEC ' 8. 

DEC - 3 .  

DEC 5. 

DEC 24. 

3 .9  RM L I N l  

Linear Interpolation Sub routine 

7040/7044 7090/7094 IBMAP 

R. Goodell - July 21, 1964 

Raytheon Company, Missile Systems Division 

nonmonotonic value 

nonmonotonic value 

y2, e t c . ,  by l inear  interpola- 1' Purpose: Given the argument x, compute y 

tion f r o m  unequally spaced tables of x's, y l l s ,  y2's,  etc. 

not within limits of the x's table, the subroutine re turns  with an  indicator desig- 

nating which end of the table is  nearest  and the y ' s  a r e  set  to the values a t  the 

nea r e  s t end, 

If the argument x is 

Usage: Calling sequence: 

CALL MULG(NVAL, N, X, XTAB, Y1, YlTAB, Y2 ,  Y2TAB, 

as many dependent variables and tables as des i red)  

where NVAL = maximum number of values in  tables 

N = re turn  indicator 

1 = x within table 

2 = x off low end 

3 = x off high end 

3 - 9  



X = argument x 

XTAB = location of table of x 's  

Y1 

YlTAB 

Y2 

Y2TAB = location of table of y ' s  

- 
- y1  

- y2 

= location of table of y l ' s  
- 

2 

Notes 

1) The end of the x 's  table is indicated by either the maximum number 

of values o r  a nonmonotonic (s t r ic t ly)  value i n  the table. 

x ' s  table must  be monotonically increasing (may be equal). 

There must be a t  least  two values in the x ' s  table. 
2 )  

3 )  

3. 10 $IBFTC MIV 

A N  F402, Matrix Inversion with Accompanying Solution of Linear  Equations 
(FORTRAN 11) 

Burton S. Garbow - February  23, 1959 
Argonne National Laboratory,  Lemont, Illinois 

Purpose 

FORTRAN I1 Subroutine solves the ma t r ix  equation A X  = B, where A is 

a square coefficient ma t r ix  and B is a m a t r i x  of constant vec tors ,  

obtained; indeed, inversion may be the sole  a im i n  a par t icu lar  usage, 

the determinant of A is available; other possibly useful information is in COMMON 

storage.  

A - l  is a l so  

Finally,  

Method 

Jordan's method is  used to  reduce a m a t r i x  A to the identity ma t r ix  I 
. . 1 A = I. If through a succession of e lementary t ransformat ions ;  ln  in- 

these transformations a r e  simultaneously applied to I and to a m a t r i x  B of 

constant vectors,  the resul t  is A - l  and X where A X  = B. 

1 
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Usage 

Entrance is  made via the FORTRAN statement in  the calling program: 

CALLMATINV (A, N, B, M, DETERM) 

where 1) N is the order  of A;  N > 1. - 
2) 

3 )  

M is the number of column vectors  in  B. 

DETERM is the location in  which the determinant is 

to be placed. 

Suitable variable names may replace the dummy variables l isted above. 

F o r  compatibility purposes with the subroutine which was compiled on 

the bas i s  of N = 20, dimension statement entr ies  fo r  the 2-dimensional a r r a y s ,  

A and B, i n  the calling program must have row dimension equal to 20; e .  g. , 
A(20, l o ) ,  o r  B(20, 2).  If this imposes too severe  a s torage requirement, o r  

on the other  hand if i t  is des i red  that N > 20, the subroutine can be recompiled 

with a new DIMENSION statement replacing all entr ies  of 20 by the desired value. 

A t  the re turn  to the calling program, A - l  is s tored  a t  A and X at B. 

M = 0 o r  negative signals that the routine is to be  used solely fo r  inver -  

sion; note, however, that in  the CALL statement an  entry corresponding to B 

must  still be present.  

Space required: 71 1 

t N locations at COMMON distributed as follows down 

f rom upper memory: 

(45710) locations in addition to an  extent of 60  8 

?< iucatirjiis foi- I’IVC>T - the array ~f p l ~ n t  e l e p - ~ ~ t ~  1-1.Sed i n  t h e  

inversion. 

20 - N locations not used. 

N locations for  column 1 of INDEX - a 2-colu-cn a r r a y  which 

records consecutive row interchanges. 

20 - N locations not used, 

N locations for  column 2 of INDEX. 

20 - N locations not used. 

N locations f o r  IPIVOT - an a r r a y  used to prevent duplicate pivot- 

ings on any single row. 
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Coding Information 

Timing 

Running t ime is approximately proportional t o  N3; for  N = 75 

(using recompiled vers ion)  i t  takes about 4- 1/2 minutes. 

Card Decks 

1)  FORTRAN statements: 85 cards  numbered ANF4020 1, 

F4020002, F4020003, . . . , F4020085. 

2 )  Object deck: 23 cards  numbered ANF40201 - 23. 

3. 11 $IBFTC OUT 

General FORTRAN Output Routine 

M. Frazier, Aug. 4, 1964 

Raytheon Company, Space and Information Systems Division 

Two things a r e  required for  use  of the general  output routine. F i r s t  is  the 

actual call  to the routine, second i s  a method of referencing labeled COMMON. 

Discussing the la t ter  f i r s t ,  the use r  must  provide a FORTRAN function ITEM 

(I, J) ,  which returns  the Ith i tem in the Jth COMMON block, as follows: 

REAL FUNCTION ITEM (I, J )  

COMMON/BAKER/UP, Complete user’s common of,  

COMMON/ABLE/X, Y ,  z 

say,  6 labeled common areas. 

REAL X(  l ) ,  U P (  l ) ,  DONE( 1) ( f i r s t  i tem i n  each block is called 

real, whatever it may be actually. ) 

GO TO (10, 20, 30, 40, 50, 60), J 

10 ITEM = X(1) 

RETURN 

20 ITEM = UP(1)  

RETURN 

60  ITEM = DONE(1) 

RETURN 

END 
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To generate output, the use r  simply codes 

Name 

IGO 

ITYP 

INH 

INL 

M 

IT 

CALL OUT (IGO, HFMT, DFMT) 

where IGO, HFMT, and DFMT are  a r r a y s  of quantities 

described below. 

Length 

1 

1 Output type, s e e  below fo r  explanation 

1 

1 

1 Number of data i tems  

Data i tem table 

Pr in t  i f  = 1, punch if = 2, otherwise do nothing 

Number of lines produced by heading format 

Number of lines produced by data format  

2,20 ITYP = 1 

2, 40 ITYP # 1 

HFMT Data heading format  

40 ITYP = 1 

unlimited ITYP # 1 

DFMT Data format  

40  ITYP = 1 

unlimited ITYP # 1 

rC -4- 

Some of these quantities deserve fuller explanation. There a r e  four entr ies  

to the subroutine, selected by ITYP = 1, 2, 3, o r  4. ITYP = 1 signifies a page 

heading. 

r e s to re  the paper ,  then wri te  the contents of HFMT (if INH f 0), followed 

(if M # 0)  by M pieces of data specified by the IT table in  the format specified by 

DFMT. 

overflows. 

ITYP = 1 again, otherwise the one generated by the f i r s t  such call  will be used. 

Calling O U T  with ITYP = 2 is  the standard method of putting out assor ted data. 

The contents of HFMT will be printed immediately af ter  a page is r e s t a red  (to 

provide column headings), but not otherwise. 

A CALL OUT whose a r r a y  contains an  ITYP = 1 will immediately 

This output will be repeated automatically every t ime the line counter 

A new page heading format wi l l  be generated by calling OUT with 

M i tems will be printed in format  

given by DFMT, the i t ems  printed will be selected by the ITEM subroutine using 

the IT table  as follows: 

',< 

See F igure  4-1 f o r  an example of the use of this routine. 

3-13 



DO 10 I = 1, M 

10 TAB(1) = ITEM (IT(1, I), IT (2, I)  ) 

WRITE (6, DFMT) (TABqI), I = 1, M) 

(If punching this becomes WRITE (7,  

This is a l so  the way the IT table is used in printing out the heading data above. 

ITYP = 3 is  used f o r  printing out vectors  and 2 dimensional a r r a y s  where the 

f i r s t  subscript  var ies  most rapidly. Only one such a r r a y  is printed p e r  call, 

and i t  is preceded by the contents of HFMT. The IT table is handled slightly 

differently. 

IT (1, 1)  and IT (2, 1) a r e  used as above, IT (1, 2 )  = the number of columns in 

the a r r a y  ( =  1 for  vectors) ,  and IT (2, 2 )  = the f i r s t  dimension of the a r r a y  in 

core  (M - < IT (2, 2 )  ), but IT (2, 2)  is not needed for  printing vectors  (IT (1, 2 )  

= 1). When an a r r a y  i s  being printed,  INL i s  the number of l ines  required to  

pr int  1 column. 

. . . ) etc. ) 

M is the length of the vector (or  array column) to  be printed. 

Finally, ITYP = 4 is used fo r  printing out a r r a y s  i n  row order ,  and is  

descr ibed in detail  by interchanging the words "row" and ' 'column" above. 

Incidentally, i f  IGO = 2 (for punched output), only data is punched, and 

headings and page headings a r e  ignored. 

Continuing through the IGO block, INH is used to  control the line counter. 

INL is a l so  used to control If i t  is zero,  the contents of HFMT is not printed. 

the line counter. 

needed to print  one column (or row if ITYP = 4). 

For  two dimensional a r r a y s ,  INL i s  the number of l ines  

M is the number of data i tems  o r ,  if a two-dimensional a r r a y  is being 

printed,  the number of i t ems  p e r  column (or  row if  ITYP = 4). 

IT has  been explained above. 

including the surrounding parentheses ,  

HFMT and DFMT a r e  the output formats ,  

The IGO block may be  fi l led with a DATA statement,  o r  by input, as des i red ,  

which gives the grea t  flexibility of this output routine. 

3 .  12 MARK 

The MARK integration routine is descr ibed in Appendix I. 
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3.13 RM SMKl 

FORTRAN setup routine f o r  JP MARK 

7040/44 7090/94 IBMAP 

R. Goodell - July 22, 1964 

Raytheon Company, Missi le  Systems Division 

PurDose 

This subroutine is  buffer between JP-MARK, a differential equation 

solving routine writ ten in MAP language, and a main p r o g r a m  writ ten in 

FORTRAN. 

fea tures  of JP-MARK. 

SMKl allows a p rogram written i n  FORTRAN IV t o  u s e  most of the 

Usage 

A knowledge of JP-MARK is  assumed. 

Calling sequences: 

CALL SMARK (KIND, N, HBANK, NRTN, NTRG, 

EUBAR, ELBAR, HMAXT, HMINT, YCLOW, 

LVl ,  TV1 

LV2, TV2, 

- - - -  up to 10 t r igge r s )  

where KIND = type of integration 

0 = fixed AM integration 

2 = RK integration 

4 = variable AM integration 

N = actual number of differential equations 

HBANK = location of a bank of s torage  used by JP-MARK 

equivalent to HBANK- 3 

NRTN = re turn  indicator from SMARK 

1 = EOS 

2 = DER1 

3 = DER2 

4 = t r igger  return 

5 = e r r o r  re turn 
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NTRG = re turn indicator f rom SMARK which designates 

which t r igger  has been activated 

1 for f i r s t  t r igger ,  2 for second, etc. 

EUBAR, ELBAR, HMAXT, HMINT, YCLOW same as in  

JP-MARK 

LVi = location of variable being tested 

TVi 
= location of desired value of the variable being 

tested 

CALL TRA 14 returns  control to SMARK and causes a TRA 1, 4 

re turn to JP-MARK, 

CALL TRA 24 returns  control to SMARK and causes a TRA 2, 4 
re turn to JP-MARK 

CALL ON(N) turns  tr igger N on 

CALL OFF(N) turns  t r igger  N off 

A l l  t r iggers  a r e  turned on when SMARK is called. 

The o rde r  of the differences to be ca r r i ed  in  AM integration must  be 

s tored in  HBANK(l), the nominal step s ize  in HBANK(4), the maximum number 

of equations allowable in HBANK(S), and all independent and dependent variables 

initialized before calling SMARK. 

variable HBANK(7) is set  to ze ro  by SMARK. 

The double precis ion pa r t  of the independent 

3. 14 $IBFTC VFI 

Variable Field Input Subroutines‘:’ 

AVCO, Research and Advanced Development Division 

PurDos e 

1) BCDCON: To generate a table of s ix  charac te r  BCD names vs  

associated core  addresses .  

2) SYMBLS: To read,  convert, l i s t ,  and s to re  fixed, floating, o r  

holle r i th  input data. 

HDTAPE: To wri te  a 72 holleri th f ie ld  read  by SYMBLS on a 

specified tape. 

3 )  

>;< 
Several minor modifications have been made by Raytheon Company. 
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Usage 

Calling sequence: 

1) CALL BCDCON (nHA, B ( l o ) ,  C( 10, l o ) ,  D(10, 10, l o ) ,  etc. ,  

E ,  F ,  G ,  H ,  e t c . )  

where n - > 12 times number of single subscripted variables 

t 18 times number of multisubscripted variables 

2 )  CALL SYMBLS (INCOLI) 

3 )  CALL HDTAPE 

Complete description of procedures for  proper u s e  of these subroutines: 

1) BCDCON: The n hollerith field described above will contain any 

BCD names followed by the dimension of their  associated variables appearing in  

the rest of the l is t .  

object t ime a table which will be  cor rec t  i f  F were  dimensioned 10, G were 

dimensioned 10 by 10, and H were  dimensioned 10 by 10 by 10. This table then 

makes the association of the hollerith field names and dimensions with the other 

i t ems  in  the list. 

Thus using the example above BCDCONwill generate at  

(e. g. Symbol A corresponds to co re  location defined by E. 

Symbol B corresponds to co re  location of the beginning of the array 

defined by F(10). 

Symbol C corresponds to co re  location of the beginning of the a r r a y  

defined by G(10, 10). 

Symbol D corresponds to core  location of the beginning of the a r r a y  

defined by H(10, 10, 10). ) 

If it were desired to define other than beginning locations of 

a r r a y s ,  th i s  can be done in the normal FORTRAN manner of subscripting the 

var iables  i n  the l is t ;  (e. g . ,  if you wanted to define Symbol C with the second 

column of G, then instead of writing G, write G(10, 2). This, however, does not 

affect the dimension associated with the symbol C. ) 

In the processing of the hollerith field, commas and parentheses  

are  the breaking symbols. 

a comma o r  a left parenthesis is  encountered. 

iately following a symbol, no dimensionality is expected. 

That is, a symbol will be considered complete when 

When a comma is present  immed- 

When a left parenthesis 
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i s  encountered, a dimensionality i s  expected which will be terminated by a right 

parenthesis. After 

a right parenthesis,  a comma i s  expected. 

Each i tem of the dimension must  be separated by a comma. 

E r r o r s  

There a r e  three possible e r r o r s  that can be committed in the call of 

BCDCON. 

a )  More than three subscripts given. 

right parenthesis on the dimension i s  missing. 

More variables in  the l is t  than in the hollerith field. 

happens when there  a r e  commas missing in the hollerith field, 

when the total number of hollerith characters  (n) i s  too small ,  

o r  when the programmer  has simply put more  variables in the 

list than he meant to. 

More symbols in the hollerith field than variables defined in 

the r e s t  of the l ist .  Usually happens when the total number Qf 

hollerith characters  (n )  is too large,  when there  a r e  too many 

commas in the variable field, o r  again when the p rogrammer  

has miscounted the i tems.  

Usually occurs  when a 

Usually 

A l l  these e r r o r s  will result  in a defining e r r o r  message  and cause the execution 

of the r e s t  of the program to be deleted. 

Cautions 

BCDCONis used to generate a table fo r  use in SYMBLS. Where this 

table i s  located i s  passed by BCDCONto SYMBLS. 

BCDCON a r e  readily permissible ,  it  mus t  be remembered- tha t  to  call BCDGON 

in m o r e  than one subprogram could be dangerous (not necessar i ly  fa ta l ) ;  since 

the f i r s t  call defines the beginning of the table, you will be replacing core  loca- 

tions in one subprogram originally defined in  the other subprograms.  

inherent dangers a r e  obvious. 

Now, while multiple calls of 

The 

Also, BCDCON will  allow m o r e  than s ix  charac te rs  to represent  a sym- 

bol in the hollerith field; however, it  will use  only the f i r s t  s ix  charac te rs  a s  i t s  

table entry. Therefore,  any symbols g rea t e r  than s ix  charac te rs  having their  
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f i r s t  s ix  the same  will generate the same symbol in the table and only the f i r s t  

one encountered will be effective; (e. g. , CALL BCDCON (24H ABCDEFG , 
ABCDEFH , A, B )  produces as table entr ies ,  ABCDEF vs A,  and ABCDEF 

vs B). 

2 )  SYhfBLS: ALking use of the table generated by BCDCON, 

SYMBLS will now read JI: input f rom the input tape, l i s t  i t  on the output tape, 

obtain the location where the data is to be s tored by finding the symbol punched 

on the card  in  the BCDCONgenerated table, convert the data as prescr ibed  and 

then s tore  it into the core  location obtained above. 

until a numeric punch i n  column one i s  encountered. At  this t ime, this number 

is s tored away in  INCOLl of the above calling sequence example, and control is 

returned to  the program. 

obtained by calling SYMBLS and having the next ca rd  to be read have a numeral 

two punched in  column one. 

This process  is continued 

Automatic exit f r o m  the program to  the system is 

The breaking character  used to separate  items on the cards  is 

a blank. 

completely variable as it appears i n  columns 2 - 72, with the exception that a 

symbol o r  a piece of data cannot be  continued f rom one ca rd  to another. 

example of how a n  input ca rd  might look is shown as Card 1 in  Figure 3 -  1. 

Therefore ,  the way in  which data is presented to the subroutine is 

An 

These i tems  can b e  separated into th ree  categories.  

a )  Core location defining symbols. These in  tu rn  may 

divided into: 

1) The symbol - A se t  of characters  only the f i r s t  

six of which a r e  used for  looking into the BCDCC-! 

table. 

character and will be terminated by a blank o r  a 

left parenthesis 

The subscript - Appearing to the right of the 

symbol it is to modify, it is  enclosed i n  paren-  

thesis,  Multiple subscripts a r e  separated by 

commas. In the case  of multidimensioned 

variables the way in  which the subscript  is 

written wi l l  determine whether the ensuing data 

will be stored sequentially or  not. 

This symbol must  begin with an  alphabetic 

2) 

If ei ther  no 
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COLUMNS : 

1 10 20 30 40 

C a r d  1. Separate D a t a  I t e m s :  
. .___ -__- ______ - - 

A 1. B ( 2 )  3.0 C ( 1 , 2 )  4 . 0  D ( 1 , 1 , 3 )  5 . O E 3  

C a r d  2 .  E l e m e n t s  -~ of - a n  - A r r a y  _. - F i r s t  - Method: 
- - ~~~ 

D ( l , l , 2 )  3 .0  4 .0  ( 1 , 2 , 2 )  5 .0  6.0 ( 4 , 3 , 2 )  

C a r d  3 .  E l e m e n t s  __. of an  A r r a y  - Second Method: 
- 

D (  2 ,  1-3,  3 ) 5.0 

C a r d s  - 4 and . 5 .  -. . . D e c i m a l  -. and O c t a l  D a t a :  

B 10 .  
6 4 3 2 1  57030 

C a r d s  6 and 7 .  A l p h a - N u m e r i c  D a t a  i n  an A r r a y :  

A B ( l )  3 
ABCD FGH JKLMN @ P 

C a r d  8. S i n g l e  Storage of A l p h a - N u m e r i c  D a t a :  

B ( 3 )  /ABCD /EFG 

50 

7 .0  8 , O  

C a r d  9 .  Table G e n e r a t i n g  D a t a :  

B 1 .O ( .  5 )  2 .5  ( - 2 . 5 E - 3 )  2 . 4 9  

.___ _. . ._ _________  ___.__ _ _ _ _ _ _  . _ _  . _  

Figure  3-1. S a m p l e  I n p u t  C a r d s  
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subscript  is given o r  a subscript  is given which 

has conformity to the dimensions given (e. g. , 
D o r  D (1, 2,  3 )  where it is dimensionalized 

( 1 0 ,  10,  10) ) #  then the ensuing data will be  

s tored starting in the core  location defined by 

the symbol modified by the subscript ,  if given, 

by varying the right mos t  subscript .  If a single 

subscript  is given to a multidimensioned var iable  

(e. g, , D(3) where H is dimensionalized (10, 10, 

10) ), then the ensuing data will be s tored sequen- 

tially. 

In addition, a subscr ipt  may appear by itself. In 

this case  it will modify the cur ren t  co re  lscat ion 

as determined by the most  recent symbol. 

example, r e fe r  to Card 2 of Figure 3- 1 and the 

BCDCONcalling sequence. 

generate the same  data as the following FORTRAN 

statements : 

A s  an  

The card  shown will 

H(1, 1, 2 )  = 3. 0 

H(1, 1, 3 )  = 4. 0 

H(1, 2, 2 )  = 5. 0 

H(1 ,  2, 3 )  = 6. 0 

H ( 4 , 3 ,  2)  = 7 .  0 

H ( 4 ,  3, 3)  = 8. 0 

There is a l so  a provision for  using subscr ipts  to 

define a reas  to be se t  to a value defined by a 

piece of da ta  which follows. 

3 - 1  for  example. 

FORTRAN statements  : 

See Card 3 of Figure 

This is equivalent to the 

DO 1 I = 1 ,3  

1 H (2, I, 3 )  = 5. 0 

In general, the three  possible forms  this provision 

can take a re :  D(1, J, K l - K 2 ) ;  D(I, J 1  - J 2 ,  K); 

and D(I1 - 12, J, K )  where all the subscr ipts  a r e  

unsigned integers and KL<K2, J1< J2,  and I1<12. 
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The f i r s t  subscript i s  separated f rom the second 

by a minus sign in that subscript  which defines the 

a r e a  to be set .  

more  than one subscript  in a single definition; 

(i. e . ,  D(I1 - 12, J1  - J2,  K )  i s  not permissible) .  

There  is  no provision for varying 

Finally, in the subscript field it i s  not necessary 

that the characters  be packed, That is, blanks 

a r e  permissible ,  a s  shown in Figure 3 -  1. 

These can be divided into five i tems,  b )  Data defining fields. 

1) Floating point numbers  - These will be defined by 

the appearance of a decimal  point o r  a decimal  

point and an E in the field. They can be negative 

o r  positive in  value, a s  can the integral  exponent. 

When the E notation is used, if no sign appears  

between the E and the exponent, o r  i f  a single blank 

separates  these two i tems ,  a plus will be assumed.  

In general ,  there  a r e  three permiss ib le  forms:  

*X, XXXXXXXE*Y Y 

*x. xxxxxxx*YY 
*x. xxxxxxx 

Except for  theofition; 1 blank af te r  the E to denote 

a plus sign, there  must  be no imbedded blanks. 

The decimal point can appear  anywhere in the 

field. The exponent can only be integral. A l l  the 

X's and Y ' s  above a r e  numeric ,  There  can be  one 

o r  m o r e  X's defined, but only the f i r s t  eight will 

be converted. There  can be one o r  two Y ' s .  

Integers - These  will be defined by the lack of a 

decimal  point i n  the field. They can be negative 

o r  positive in  value. 

assumed.  

32767. 

of the core  location defined by the symbol preceding 

it.  

2 )  

If there  is  no sign, a plus is 

It i s  a s sumed  the integer will not exceed 

It will be s tored  in the decrement  portion 

The only pe rmis s ib l e  f o r m  is :  

xxxxx 
where all the X ' s  a r e  numeric .  

to five Xi s .  

There  can be one 
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3 )  Octal numbers - These a r e  defined in a different 

way than the preceding two pieces of data. A: r /  d 
in column one signifies to SYMBLS that columns 

2-72 of this card  contain only octal data and 

nothing else. 

to twelve numbers long, and in  all cases  a r e  right 

justified when stored. 

the appearance of eights o r  nines in the fields. 

Again the octal numbers to be s tored a r e  separated 

by blanks, 

will be determined by the las t  previously defined 

symbol. Cards 4 and 5 of Figure 3-1, with 

reference to the BCDCON calling sequence, will 

produce the equivalent to  the following 3FC8”RAN 

statements : 

- 
The words of octal data can be one 

There  a r e  no checks for  

Where these numbers will be s tored 

F(1)  = 10. 0 

B F ( 2 )  = 4321 

B F (3 )  = 57030 

4) Alpha-numeric data - There  a r e  three  possible 

ways i n  which to  define this type of data, 

a )  Hollerith c a r d  intended for  use  with HDTAPE 

(discussed below). 

nified by a n  H in column one. 

This type of c a r d  is s i g -  

Columns 2-72 
---:.I1 W A I L  L- W L  ---. * C I A  into 2. specia l ly  set  scido. hlr\Pk 

a s  hollerith charac te rs .  The H will be  

changed to a one. 

with the card.  

Alphas-numeric data intended for  a r r ays .  

There a r e  two ca rds  associated with this 

option, 

column one, a location defining symbol and 

a word count (1 to  12) anywhere in columns 

2-72. The second card,  which must  follow 

immediately, will c o n t a h  the alpha-numeric 

data to be s tored,  After the number of words 

specified in the f i r s t  ca rd  has  been processed  

Nothing else  can be  done 

b )  

The first  ca rd  must have a n  A i n  
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and stored, the r e s t  of the ca rd  is ignored. 

Additional groups 0f  12 o r  l e s s  words each 

must be entered in  the same  manner as the 

f i r s t  group of 12 words using two cards .  

Cards 6 and 7 of Figure 3-1, with reference 

to the BCDCONcalling sequence, will produce 

the equivalent to the following FORTRAN 

statements : 

E' ( 2 )  = 6HABCD F 

F (3)  = 6HCH J K L  

F (4) = 6HMN @I? 

c )  Alpha-numeric data intended for  single 

storage. 

manner m o r e  similar to floating point num- 

be r s  and integers.  

signifies the beginning of such a field and the 

f i r s t  blank encountered terminates  the 

processing of the field. 

b e r  of cha rac t e r s  allowable is six. If there  

a re  less than six, the charac te rs  defined a r e  

left justified and the remainder  of the word 1s 

filled with hollerith blanks. The word is 

s tored in  the las t  previously defined c o r e  

location. Card 8 in Figure 3 - 1 ,  with r e f e r -  

ence to the ACDCON calling sequence, will 

produce the equivalent to  the following 

FORTRAN statements.  

F ( 3 )  = 4HABCD 

F ( 4 )  = 3HEFG 

This type of data is processed  in a 

The symbol s lash ( / )  

The maximum num- 

5 )  Table generating data - This is a fea ture  which 

will allow the input data t0 be generated,  with a 

minimum of punching, when numbers a re  des i red  

ranging f r o m  a Power l imit  to  an  upper l imit  i n  

s teps  of cer ta in  given deltas.  The data specified 

can be ei ther  floating point numbers o r  integers ,  
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but cannot be  mixed. The expression defining the 

numbers to be generated must  be packed (i. e. , no 

imbedded blanks) since a blank terminates the 

field. 

and they can be both positive and negative. 

general  form of the expression i s :  

There can be as many deltas a s  desired,  

The 

This will generate f rom XI to X in  steps of X2. 

3 5 4’ 

3 
x to x in steps of x etc. 

down to to Xm in steps of Xm a m-2 X - 
Referring to Card 9 in Figure 3-1 and the BCDCON 

calling sequence, the card shown will produce the 

equivalent of the following FORTRAN statements. 

Fbl) = 1 .0  

DO 1 I = 1 , 3  

1 F(1i-1) = F(I)  4- 0. 5 

D O 2 1  = 4, 7 

2 F(It1) = F(I) - 0. 0025 

c )  Operation instructions: 

1) Transfer  ca rd  - This card  will cause t ransfer  to  

the calling program, 

one punched in  column one. 

to the caller,  only after cslurnr,s I”. 72 1?;rv-e ! .cm 

normally processed, and the numeric value 

punched in column one has  been s tored,  as  an 

integer, in the only i tem in the l i s t  of the calling 

s e quenc e. 

It is signified by a numeral 

Return will be made 

2 )  End-of-job ca rd  - This card,  which consists of a 

numeral two punched in  column one, signifies to 

SYMBLS that there  is no more  data to be processed 

and that the caller wishes to terminate  his run. 

The routine will then t ransfer  to EXIT. 

In addition to the above described i tems,  there  a r e  

cer ta in  internal controls that effect the running of 

SYMBLS: 
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Printing suppression - The appearance of the 

characters  >' I"U'OPHIMT in columns 1-8 will 

suppress  the listing of succeeding cards  on 

the output tape. 

in columns 1-6 will cause SYMBLS to resume 

the listing of input cards  on the output tape. 

There is no need f o r  2 ;PRINT'  c ~ ~ l r d  iJ' yo? 

want all your input l isted,  since SYMBLS is 

normally in  the listing mode, Anything may 

appear on the r e s t  of these two control cards ,  

but i t  will be entirely ignored. 

On-line comment - The appearance of an ::= 

in column one of a ca rd  will cause the entire 

contents of this ca rd  to be printed off-line and 

on-line, a s  long as the ca rd  does not have 

NOPRIin columns 2-6 or PRINT in columns 

2-6. 
t ransfer red  to storage.  

Off-line comment - The appearance of a $ 

any place in  columns 2-92  will cause the rest 

of this c a r d  to be printed off-line i f  t he  

+PRINT option is effective. 

af ter  the $ will not be t ransfer red  to storage.  

COMMON s y n : b o l  - The appearance of 

COMMONae a symbol on a ca rd  will cause 

ensuing data t o  be  s tored  in the F O R T R A N  

defined common a r e a .  

only single subscripts.  

The appearance of -PRINT 

Data appeariqg on this card  will not be 

Data appearing 

This symbol can have 

E r r o r s  

The only e r r o r  which is caught by symbols is the norexistence of a data 

card  symbol in  the UCDCONgenerated table. A l l  such e r r o r s  encountered up to  

and including the next t r ans fe r  ca rd  will be indicated by both on-line and off-line 

print-outs. After the f i r s t  e r r o r  is found, listing of the r e s t  of the input will be  

deleted. When the t ransfer  card  is encountered and checked, then the execution 

of the program will be deleted and r e tu rn  made  to the sys tem.  
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3 )  HDTAPE 

This will write on a specified tape the hollerith card explained 

above, 

sequence example. 

res tore  the page, i f  under program control 

SYMBLS the pr in te r  will mere ly  res tore  a page, 

The tape is specified by an integer, such a s  NUMTAP in the calling 

Since a one replaced the original H, the off-line pr in te r  will 

If a n  H ca rd  was not read  in by 

E r r o r s  

The appearance of a n  illegal tape number in the calling sequence will 

cause the same  e r r o r s  to be indicated as inFORTRAN decimal tape output 

statements.  
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4. INPUT 

4. 1 General DescriDtion 
~ 

A description of the input routine, VFI,  that is incorporated in the TOS deck 

is given in  Section 3.  A brief review of the specific features  used by TOS follows. 

TOS generates  a table of symbols versus  core  locations (via the input routine). 

By using this table, the input routine reads a data i tem f rom the input tape, obtains 

the location where the i tem i s  to  be stored by finding the symbol punched on the 

ca rd  in the table of symbols, and then s tores  the i tem in the proper  location. 

This p rocess  continues until a numeric  punch in column one is encountered. 

this point, control is  re turned f rom the input routine to TOS. 

in column one, computation will s tar t .  

Optionally, each card  that is read is l isted on the output tape. 

is called following the completion of each problem; a new problem may be initiated 

by mere ly  entering the data i tems  that a r e  different f r o m  those currently stored. 

The breaking charac te r  used to  separate  i t ems  on the cards  is a blank. 

At 

If a 1 is punched 

A 2 or  g rea t e r  will terminate  the program.  

The input routine 

Therefore ,  the way in which data is presented is  completely variable as it appears  

in column 2-72, with the exception that a symbol o r  a piece of data cannot be con- 

tinued f r o m  one card  to  another. 
L-p2t i+r&s a r e  =f t.&7= cate---;-n* 

6"AAb" 

1 )  Core location defining symbols - A symbol is  a set  of up to six 

charac te rs .  The symbol may be modified by a subscript .  The 

subscript  appears  to the right of the symbol, 

subscripts.  

in the core  location defined by the symbol, modified by the subscript  

if any. 

TOS uses  only single 

Data following a symbol is s tored sequentially start ing 
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2 )  Data fields 

a )  Floating-point numbers - These numbers a r e  defined by the 

appearance of a decimal point, o r  a decimal point and an E, in 

the f ie ld ,  They can be negative o r  positive in value, as can 

the integral  exponent. 

o r  if these two i tems  a r e  separated by a single blank, a plus 

sign is assumed. 

If no sign separates  E and the exponent, 

Three permissible  forms a r e :  

f x, xxxxxxxE*Y Y 

x, XXxxxxxtYY 

f x. xxxxxxx 

Aside f rom the optional blank a f t e r  the E to denote a plus sign, 

there  must  be no imbedded blanks. 

appear  anywhere in the field,  

floating-point numbers except i n  the IGO block o r  where specif-  

ically shown to the contrary.  

Integers - These a r e  defined by the lack of a decimal point in 

the field. 

Alpha-numeric data - Two c a r d s  a r e  associated with this 

option. The f i r s t  card  must  have an  A in  column one, and a 

location defining symbol and a word count (1 to 12) anywhere in 

columns 2-72.  The second card ,  which must  follow immediately,  

contains the alpha-numeric data in des i red  format  beginring 1n 

column 1 .  After the number of words specified in  the f i r s t  

ca rd  has  been processed and s tored,  the r e s t  of the second 

card  i s  ignored. 

additional group of 1 2  o r  l e s s  words mus t  be entered by two 

cards  in  the same  manner .  

The decimal point can 

All TOS input data must  be 

b) 
They can be negative o r  positive in value, 

c )  

If m o r e  than 1 2  words a r e  to be s tored ,  each 
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4. 2 Input Symbols 

A number following a definition i s  a nominal value which need not be inputted 

These nominal values a r e  incorporated as a convenience fo r  the unless changed. 

u se r ,  but they a r e  not necessarily recommended for  use  i n  a l l  problems. 

input a r e a  of the program is initially cleared to zero ,  then the nominal values 

stored. 

ing problems in  the same sequence unless r e s e t  by input. 

The 

Once a nominal value has been changed it remains changed for  succeed- 

Symbol Definition 

CASENO(1) Case number xxxxxxxx. 

CA SEN0 (2)  Iteration number xx. 

every case.  

Set to ze ro  before input is read for  

A ID(1) 3 18 charac te rs  of identification (e. g. ,  engineer 's  name and 

VEL 

GAMMA 

BETA 

H 

THETA 

PHI 

GS 

GMASS 

PAYOFF 

STOP 

STOPV 

PRTINT 

NIT 

DPSQ 

DPINC 

DPDEC 

PSIEG 

date) start ing in  column 1 of next card. 

Initial velocity magnitude in  ft/sec. 

Initial flight-path angle in deg. 

Initial heading angle in  deg. 

Initial height in  f t .  

Initial co-latitude in deg. 

Initial longitude i n  deg. 
2 Reference a rea  during glide phase in  ft . 

Mass during glide phase i n  slugs. 

Library number of payoff function. 

mines whether to maximize (t) or  minimize (-).  

Library  number of stopping function. 

to be increasing, - if the function is to be decreasing 

when reaching the stopping value. 

Stopping value. 

P r in t  interval for  forward t ra jectory in sec.  

Number of i terations desired; 0 implies forward t ra jectory 

only. 

Sign of number deter-  

t i f  the function is 

2 
Steepest-ascent step size (dP)  

2 Constant for  increase  of (dP)  . 
2 

Constant for  decrease  of (dP)  . 
Constant dividing excellent and good values of \k. 

2. 0 

0. 50 

0. 85 
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PSIGP 

PSIR J 

PHIGE 

PHIEG 

PHIGP 

PHIR J 
NDELF 

CDELM 

DPSQM 

KQC 

RQC 

NQC 

KQR 

RQR 

NQR 

AH1 

AH2 

AQDl 

AQD2 

SLPE 

MU 

J 

R F  

OMEGA 

RE 

RPC 

T LIM 

HLIM 

ORDA 

HMOMA 

E UA 

E L A  

I1 

Definition 

Constant dividing good and poor values of \k. 0,  85 

0. 1 

1. 05 

0. 85 

0. 40 

0, 1 

0. 0 

0. 0 

0. 0 

Constant for  re ject  of i teration based on \k. 

Constant (> 1)  dividing good and excellent I @, 

Constant (< 1 )  dividing excellent and good ch. 

Constant dividing good and poor ch. 
I 

- 
Constant for  re ject  of i teration based on ch. 

Minimum actual composite gradient. 

- 
Number of t imes lA - ch I < A?,,, before stop. 

2 Minimum ( d P )  before stop, 

Constant fo r  convective heating. 

Constant for  convective heating ~ 

Constant for  convective heating. 

Constant fo r  radiative heating, 

Constant for  radiative heating. 

Constant for  radiative heating. 

Constant fo r  altitude penalty function. 

Constant for  altitude penalty function. 

Constant fo r  heat-rate  penalty function. 

Constant f s  r heat - r a t  e penalty function. 

Sea level atmospheric p re s su re .  

Gravitation constant in ft 3 /sec 2 . 
Gravitation constant. 

Reference radius of ear th  €or gravitational 

expansion in ft. 2092563 1. 

Angular velocity of ear th  in radians/sec.  7, 29211508 x l o y 5  

Radius a t  equator of oblate spheroid in  ft. 209 26428. 

Radius a t  pole of oblate spheroid in  f t .  20855965. 

9999. 
6 1 . 0  x 1 0  

2. 0 
0. 01 

2116. 2 
1 6  

1 ,  407698 x 10 

1.62341 x 

Time limit  bound on forward t ra jec tory  in  sec.  

Height l imit  bound on forward  t ra jectory in ft. 
>:: 

Order  of Adams-Moulton forward. 

“‘Initial step s i ze  forward i n  s e c .  

::: Lower bound on Adams-Msulton e r r o r  forward. 

1. o 
1 . 0  x l o - 7  

>;: 
Upper bound on Adams-Moulton e r r o r  forward. 

::: - 
Constants for JP MARK 
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Svmbol 

HMAXA 

HMINA 

Y CA 

ORDB 

HNOMB 

EUB 

ELB 

HMAXB 

HMINB 

Y CB 

LAM 

LAMT(1) 

ALPHA(1) 

I1 

Definition 
rb -r 
Maximum step s ize  forward in sec. 

"Minimum step s ize  forward in sec. 

"Y CLOW forward. 

'Orde r of A dam s - Moult on adjoint 

"Initial step s ize  adjoint in sec.  

':"Upper bound on Adams-Moulton e r r o r  adjoint. 

"*Lower bound on Adams -Moulton e r r o r  adjoint. 

"'Maximum step s ize  adjoint i n  sec.  

'Minimum step s ize  adjoint i n  sec. 

".Y CLOW adjoint. 

.I, 

.L 

.Ir 

.Ir 

J. 

LAMCOS-DO equal interval indicator. 

between 2. 0 and 10. 0. LAMCOS-DO will be 

performed this many times a t  equal intervals.  

If 0. use  LAMCOS-DO table. 

LAMCOS-DO table of up to 9 values of t ime in  sec.  

LAMCOS-DO will be performed at  these t imes (if 

LAM=O. )*  

and if  l e s s  than 9 values a re  used the l a s t  mus t  be 

0. 0. If LAMT(1)=.0. 0, use LAM. 

Nominal control variable program of a! v s  time. 

Up to 50 values of time monotonically increasing 

A number 

The times must be in  increasing order  

(may be = ) in sec. 

and i f  50  values a r e  not used the end of the table is 

indicated by a 0, 0. 

Up to 50 values of a in deg, 

Nominal control-variable program of (T vs time. 

Up to 50 values of t ime in see. 

Up to  50 values of (T in  deg. 

Library  numbers of up to 8 constraints (see l i s t  

of payoff, stopping, and constraint functions). If 

no constraints are desired put 0. i n  CON(1). If 

less than 8 values a r e  used the table is terminated 

by a 0, 

There must be at least  2 values 

[ S e e  DELTA(!),] 

A LPHA (5 1 ) 

SIGMA(1) 

[See ALPHA(l).] 

SIGMA (5 1 ) 

CON( 1 ) 

5. 0 

0. 005 

0.001 

2. 0 

0. 01 

1 .  o l o u 3  

1. o 
5. 0 

0 , 0 9 5  

0.001 

10. 

0. 0 

2,' 

Constants f o r  JP MARK 
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TI 

Svmbol 
- 

SIT(1) 

SIB(1) 

EPS( 1 ) 

EOST(1) 

TMT(51) 

TMT( 101 ) 

MCLCD( 1 ) 

MCLCD(12) 

ACLCD(27) 

CL( 151 ) 

Definition 

Upper l imits  on constraints. 

Lower l imits  on constraints. 

Small tolerances on constraint l imits.  

End of stage t imes in  sec.  

provided, 

by a 0. 0. 

omit the next seven i tems on this input l is t .  

Exit a r e a s  for  up to 3 boost stages in ft I) 

Reference a reas  for  up to 3 boost stages in f t  . 
iT f o r  up to 3 boost stages in deg. 

6 for  up to  3 boost stages in  deg, 

Thrust  and mass tables versus  t ime f o r  boost s tages ,  

Up to 50 values of t ime in seconds, 

l a s t  must  be 0. 0. 

the table is used)  and they must  be monotonically (may be 

equal) increasing. 

Up to 50 values of s ea  level thrust  in  lbs. 

Up to 50 values of mass in  slugs. 

Lift and drag coefficients, CL and CD9 a s  a function of 

mach number and a .  

Three boost stages a r e  

If l e s s  than 3 s tages ,  the table 1s terminated 

If only glide stage, se t  EOST(1) to 0. and 

2 

2 

T 

If less than 50, the 

There  must be a t  l eas t  2 values (if 

This table i s  for  all stages. 

There  a r e  tables for  4 s tages ,  the 

0. 0 

3 boost, i f  anys and the glide stage. 1st stage mach number 

tables. Up to  10 values (monotonically increasing)  

followed by 0, 0. 

1st  stage Q tables in  deg. 

increasing)  followed by 0. 0. 

Lift coefficient CL a s  functions of mach number and Q f o r  

1st stage. 

Up to 25 values (monotonically 

The o rde r  of the CL table is with the mach number 

varying f i r s t ,  

. . e CL(Ml, Q ~ ) ~  . 
Drag coefficients CD a s  functions of mach  number and Q 

f o r  1st  stage. 

2nd stage mach numbers.  

2nd stage C Y ,  

2nd stage CLo 

CL(M1, a l ) ,  CL(M2, Q l ) ,  CLbM,, Q1)9 
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Symbol 

CD( 15 1) 

MCLCD(23 ) 

ACLCD(53) 

CL(3 01) 

CD(3 01 ) 

MCLCD(34) 

ACLCD(79) 

CL(451) 

CD( 45 1 ) 

WT( 1) Weighting matrix w1 +t) 0 

Notes: (1) 

Up to  50 values of time in 

Definition 

2nd stage CDe 

3 rd  stage mach numbers. 

3 rd  stage a .  
3rd  stage CL. 

3 rd  stage CD' 

4th stage mach numbers. 

4th stage a .  
4th stage CL. 

4th stage CD4 

The stages are numbered as they occur during the forward 

trajectory.  That is, for  no boost stages,  the glide stage is 

the 1s t  stage, and the other stages a re  not used. If 3 boost 

s tages ,  glide stage is the 4th stage. 

As a n  additional res t r ic t ion,  the number of values in the 

MCLCD table for a particular stage times the number of 

values in  the ACLCD table for that stage must  be l e s s  than 

or  equal to  150. 

Only positive values of CY a r e  needed; the relationships 

CL(-a,  M)= - C (a, M) and C (-a, M) = CD(a3 M) a r e  used. L D 

C and C a r e  computed by bivariate linear liiterpG?ztiSfi 

using SUBROUTINE CLCD. 
L D 

seconds. If less  than 50 the las t  must  be 0 . 0 ,  There  must  be 

at least 2 values and they must be monotonically increasing 

(may  be equal), 

no weighting. 

An identity matr ix  ( io e. , w1 =wZ2- -1 a 0)  implies 

This identity matr ix  i s  a nominal input in the program. 

w1 1'  WT(51)  

22' WT( 101) W 
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11 
TAU( 1) Acceleration tolerance function. 

in g's. 

at least  two values (if the table is  used) and they must  be mono- 

tonically increasing (may be equal). 

Up to 50 values of acceleration 

If thess than 50 the las t  must be 0 . 0 .  There must  be 

TAU(51) Time of tolerance. 

Output Options: 

PRTOPT(1) 0.  0 implies print  l as t  acceptable control-variable table 

1. 0 implies print all control -variable tables 

0 . 0  implies punch no control-variable tables 

1. 0 implies punch las t  acceptable control-variable table,  

2.0 implies punch all control -variable tables 

PRTOPT(2) 

PRTOPT( 3) 0 . 0  implies no adjoint pr int  

1 .0  implies print adjoint solution 

2.0 implies print adjoint solution and F and G mat r ices  

0 . 0  implies do not punch complete input data 

1 . 0  implies punch the complete input data 

PRTOPT(4) 

The nominal values for all output options a r e  0 .  

PRTOPT(2) = 1.0  o r  2.0 punches the control variable tables in the 

for mat: 

DELTA( 1) 

ALPHAX( 1 ) 

SIGMAX( 1) 

At between values in control-variable tables generated by 

the program. 

for a case is read. 

the control variables should be computed f rom these tables 

ra ther  than f rom the nominal control-variable tables,  which 

should be omitted f rom the input deck. 

CY in degrees (201 values) 

0 in degrees (201 values) 

This value is  se t  to 0 . 0  just before the input 

If a value # 0 . 0  is  inputted it indicates 

PRTOPT(4) = 1 . 0  punches the complete input for a problem in a 

format that is compatible with the input routine fo r  use in res tar t ing the 

problem, i f  required. 
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The output of the forward trajectory,as well as the provision for blocks of 

supplementary printout following the forward and adjoint t ra jec tor ies ,  i s  con - 

trolled entirely through input via subroutines OUT and ITEM. A knowledge of 

subroutine OUT i s  necessary  for an understanding of this input, A nominal 

input for these blocks, as i l lustrated in  Figure 4-1, gives a reasonable com- 

A HFMT 

A DFMT 

plete printout that 

1) 12 

1) 1 2  

IGO( 1) 

IGO( 2) 

IGO( 3) 

IGO( 4) 

IGO( 5) 

IGO( 6) 

A HFMT(41) 12 

A DFMT(41) 1 2  

will prove useful for many problems.  

Format  statement fo r  title of forward t ra jectory.  

Up t o  40 words,  

Format  statement for data used in title of forward t ra jectory.  

Up to  40 words. 

P r i n t  indicator;  se t  to 1 

Page title indicator;  

Number of l ines produced by heading format  

Number of l ines produced by data format  

Number of data i tems  

Data i tem table for use with i tem function. 

of subroutine OUT. 

i. e . ,  without decimal points. 

Fo rma t  statement for column heading. 

Format  statement for data used with above heading. 

Up to  100 words.  

P r i n t  indicator; s e t  to 1 

Column heading indicator; 

Niirn-her ~f l i n e -  prnd i i ced  by column headings. 

Number of lites produced by data format  

Number of data i tems 

Data i tem table for use with ITEM function. 

words or 40 i tems.  

Alpha-numeric data. 

Alpha-numeric data, 

se t  to 1 

See write-up 

All data in  the IGO blocks a r e  in tegers ,  

Up to  40 words or  20 i t ems .  

Up to 100 words.  

se t  to 2 

Up to 80 

A HFMT( 141) 12 Format  statement for t i t le of supplementary data printed 

following forward t ra jectory.  Up to 40 words,  

A DFMT( 141) 1 2  Forma t  statement for supplementary data printed following 

forward t ra jectory.  

P r in t  indicator;  

otherwise to 0 .  

Up to 40 words.  

IGO( 1 7 1) s e t  to 1 if data a r e  to  be printed,  
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7 Use s imilar  to IGO(2) . . . IGO(6) except for supplementary 

i! i tems.  

data following forward trajectory.  Up to  80 words or 40 
IGO( 1 72) 

. . .  
IGO( 1 76) 

A HFMT(181) 12 

A DFMT(181) 12 

IGO( 2 5 6) Same a s  preceding i tems  except for data printed following 

ad joint t r  aj ec  t o r  y . . .  0 

IGO( 26 1) 

Each i tem i s  composed of 2 integers ,  (I, J ) .  J r e f e r s  to  

the Jth labelled common while I r e f e r s  to Ith i tem in the 

Jth labelled common. 

TOS has  4 main labelled common a r e a s  which a r e  des -  

cribed in Appendix 3 :  

1. COMMON / INPUT / 
2.  COMMON / VAR / 
3.  COMMON / ANAL / 
4. COMMON / IVAR / 

For  example, in F igure  4-1 the in te rgers  196 2 following 

IGO(9l) indicate that the independent var iable  t ,  the 1 9 6 s t  

i tem in the 2nd labelled common block will be the f i r s t  i t em 

of data printed. 

4. 3 List of Payoff, Stopping, and Constraint  Functions 

Number 

0 

1 

2 

3 

4 

5 

6 
7 

8 

9 

null 

t - independent var iable ,  t ime in seconds 

u - component of velocity in ft. /sec.  

v - component of velocity in it.  /sec.  

w - component of velocity in f t .  /sec.  

r - radial  distance in f t .  

8 - colatitude, in deg. 

$ - longitude in deg. 

heat 

ac  c el e r a t  ion penalty function 

4-10 



I1 

*EXPLANATION: 
(1) Page title 
( 2 )  Format for data on line following title 
( 3 )  First two lines of column headings; third line is blank 
(4)  Second two lines of column headings 
(5) Format for two lines of data at each print time 
(6) Control for page title 
(7 )  Data table for line following title 
(8) Control for columns of data 
(9) Data table for columns of data 
(10) Control for printout following forward trajectory 
(11) Control for printout following adjoint trajectory 

Figure 4-1. Typical Input for Control of Printout 
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Number 

10 

11 

12 

13  

1 4  

15 

16 
17 

18  

19 
20 

21 

22 

23 

altitude penalty function 

heat r a t e  penalty function 

null 

null 

p - coordinate angle in deg. 

v - coordinate angle in deg. 

- coordinate angle in deg. 

+'!c - coordinate angle in deg. 

h - altitude in  ft. 

vT - velocity in ft. /sec.  

E - energy in  f t .  -1bs. 

y - flight path angle in deg. 

p - heading angle in deg. 

dynamic p r e s s u r e  in lb s .  / f t .  
2 
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5 ,  OUTPUT 

5, 1 Input 

The input cards  a r e  l isted by the input routine a s  they a r e  read,  i f  the 

print  option of VFI is operative. 

of the entire input applicable for the case,  at the start of the case ,  

option 4, PRTOPT(4),  controls the punching of cards  giving the entire input, 

If PRTOPT(4) = O., no cards  a r e  punched; i f  PRTOPT(4) = l., the entire input 

is punched for use in res tar t ing the case.  

The main program provides for the printing 

Pr in t  

5. 2 Forward  Trajectory 

The output f rom the forward trjectory is entirely flexible a s  it i s  con- 

trolled through input. 

input, 

Section 4, 2 of this report  descr ibes  the format  for this 

SUBROUTINE OUT is the routine which controls this output. 

5, 3 Adjoint Trajectory 

P r i n t  option 3, PRTOPT(3),  controls the output of the adjoint trajectory.  

If PRTOPT(3) = 0. the adJoint pr int  output is omitted completely. 

= 1.prints the ad,oint differential equations, and PRTOPT(3) = 2 prints the 

adJoint differential equations, their derivatives, and the F and G mat r ices ,  

PRTOPT(3) 

5. 4 Analysis 

At the end of each forward trajectory, data concerning the payoff and 

constraint  functions a r e  printed together with measures  of performance of the 

steep e s t -a s c ent conver gence p r  oc e s s and related information. 

5. 5 Control Variable P rograms  

The control variable output i s  controlled through print  options 1 and 2,  

PRTOPT(1) and PRTOPT(2). 

p rog rams  associated with the l a s t  acceptable t ra jectory a r e  printed. 

PRTOPT(1)  = 1,all acceptable control variable programs a r e  printed. If 

PRTOPT(2) = l.,the last acceptable control variable program is punched. 

PRTOPT(2)  = 2.punches all acceptable control variable programs.  The 

control var iab le  programs a r e  punched in a form acceptable to the input rou- 

t ine and when the ca rds  a r e  used, they will override any nominal control pro-  

g r a m s ,  PRTOPT(2) = 0 .  eliminates this punching, 

If PRTOPT(1) = 0. only the control variable 

If 

5- 1 



I1 

5. 6 Miscellaneous Data 

At the conclusion of the fonvard and adjoint t raJec tor ies ,  the use r  may 

elect  to have any data then in storage printed out. 

out i s  controlled through input; see  Section 4. 2 .  

The format for  this pr int  

5 - 2  
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6. SYSTEM INFORMATION 

6 . 1  Language 

I TOS i s  pr imar i ly  written in FORTRAN IV for 32K 7090/7094 IBSYS. 

6 . 2  Overlay 

follows : 

TOS uses  the overlay feature of IBSYS. The deck arrangement  i s  as 

(LINKO) 

T OS 

CLD 

P R L  

FCT 

EMK 

CLR 

TML 

MVL 

L I N  1 

B L N l  

AT M1 

MIV 

SMK 1 

MARK 

( LINKl) 

PIN 

CFI 

(LINK2) 

STE 

ITM 

OUT 

SFR 

(LINK3) 

ADT 

6. 3 File Specification for Scratch Tape 

The file specifications for the scratch tape, logical 8, a re  

FILE, B ( l ) ,  BIN, BLK = 256, INOUT, READY 
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be solved a r e  res t r ic ted to  t ra jector ies  where sufficient accuracy can be ob- 

i 7. RESTRICTIONS 

There a r e  severa1"singularities" in the equations of motion. The colatitude, 

The 8 ,  and the velocity VT,  must 'never  equal zero  during the entire trajectory.  

flight path angle, y ,  must never equal 90 degrees.  

7 - 1  
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8. PROGRAM L I S T I N G  

A complete listing of the TOS program is given on the 

following pages. 

Routine Pase 

TOS 
P I N  
S TE 
ADJ 
CLD 
PRL 
F C T  
SFR 
I TM 
TML 
MVL 
M I V  
OUT 
VF 
MARK 
CLR 
EMK 
UN8 

ATMl 
B L N l  
L I N l  

P n#T7 1 
01 .LJAI  

. . . 8-3 

. . . 8-13 

. . . 8-20 

. . . 8-28 

. . . 8-39 

. . . 8-40 

. . . 8-42 

. . . 8-45 

. . . 8-47 

. . . 8-49 

. . . 8-50 

. . . 8-51 

. . . 8-53 

. . . 8-55 

. . . 8-70 . . . 8-100 

. . . 8-101 

. . . 8-102 
o i n 3  

. . . 8-107 

. . . 8-112 

. . . 8-115 

. . . U - I V J  
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TOS 9 23 SEFT 64 TOS 0 1  

S I B F T C  TOS 
C T I T L E  TR AJ ECTORY OP T I M  I. ZAT I OM STUDY ( 7094 1 

C PURPOSE M A I N  PJ4OGRAM 
C 

C 
C C O M M O N  F O R  A L L  P R O G R A M S  
C 

I ?  

r1 c 

1 it't C NOTES FORTRMI  I V  

1 I? 

I COMMON / I N P U T  / C A S E N 0 ( 2 ) ~ 1 0 ~ 3 ) ~ X V T ~ X ~ A M M ~ ~ X B E T A O t ~ H t X T H E ~ ~ t  i 
I 

' f - l  2 A 2 2 t  A 3 1 & A 3 2 t A 3 3 t  O E L F t C E H I n r O P S Q M r K l t R 1  tN1 rK2 t R 2  t W  t A H 1  t 

I (-7 

1 X P H I D t G S t G M A S S t P A Y O F F t  STOP, STOPVtHPt A I  T t X D P S Q t A 1 1  s A 1 2 t A 2 1  t 

3AHR 1 s  AHRZ, LAMt-SLPE 0 MU, R F t  GJ *OMEGA *RE t RPC t TLI. M t  HLI  nt 
4A23 t A 3 4  t.OROA 
50ROBt  HNQMBt E U B t E L B t H M A X B t H M I N B t Y C 8  

l E P S  ( 8 1 t EOST( 4 1 t.AE f 3 ) ,REFA ( 3 )  t f T t  3 1 t D T f  3 )  t TMTAB (150) t TAUTAPIt 100 1 t 
2WTAB(50+3) ,HTAB(  1 1 9  4 ) r A T A B  t 26r4) t C L t A B  ( l S O t 4 )  tCOTAB(  1 5 0 ~ 4 1  t f ) E L T A t  
3 A T A B X I  201 1 9  STABX( 201 1 9  LAMTAB ( 9) t PRTOPT ( 4 )  t I NPUTX f 10) 

HWM A 9 EUA t E l  A t HMA XA 9 H M I  NA 8 YC A 9 

I 
COMMON / I N P U T  / A N T A B X ~ 1 0 0 ) ~ S N T A B X ~ ~ O O ~ ~ C O ? d ( 8 ~ ~ S I T ~ 8 ~ ~ S I B ~ 8 ~ ~  

P 

COMMON / I N P U T  / HFMT(220)~DFHT(220)~1GO(340) 

COMMON / VAR / RADIAN~D1O~Dl1~D~2~Dl3~Dl4tD2O~D3OtD~ltD32t 
l A l P H D , S  IGMOt  ALPHRT S I G H R t C S I G M t  S S I G H t C r H E T t S T H E T t R t H t  VHSQt 
ZVTSQt  Y H r V T o  PEAFRHO, SOFStHACHt  MASS. T H t  THR t C O S I T t  S f N I T  tCOSOTt  
3 5  INDTrTHRXtTHRYtTHRZ1CALPHI S A L P H t C l  t C 2  p C 3  t C b s C 5  t C 6 t T H R R t T H R T t  
4THRPt  S t X 1 r,X2, X3t X49 X 5 w X 6 t  X7, X8 t X 9  t RSQ t R4TH t SQRHO t ACE LG t TAU t 
51 I H f H t  CL,CDt T F I N A L  
6 D P B R H ~ D R R ~ ~ O S R H ~ C L H M ~ C D H M t C L L ~ t C D L M ~ P C L R ~ t P C D R M t O R P R T t B l O t  
7 6 2 0 ~ 8 2 1 ~ 3 0 ~ B 3 1 ~ B 4 O ~ B 4 l ~ B 5 O ~ B S l ~ B S ~ ~ B 5 3 t 0 5 4 t B 5 5 t 8 5 7 ~ 8 6 O ~ 8 6 l ~  
8862s 8701 8719 8819 B82tB90tB91~892tB93tBlOOtBlOlt8~02 $6103 t 8104 t 
9 R 3 R D t R S T H t V T 3 t  B200~B201~VH3~B202tBZO4tPTRRUtPT~RUtPTPRU 

I REAL K l ,  N l t  K 2 r 9 N 2 r  1 T t  MUt LAMSLAMTAB f' 

/I 
\ -  

856, B 5 8 t P E H t  RHOHt SOFSH ,PEL 8 RHOL t SOFSL t 1: n 

'i p 
I '- ' 

I n  -. L P T X R H t P T Y R H ~ P T L R H ~ B 3 O O ~ B 3 0 1 t B 3 0 2 t P T R ~ R ~ P T T R R t P T P R R t 8 4 0 4 t  
COMMON / VAR 1 PTRRVtFTTRV,PTPRVt PTRRYp PTTRW, PTPRWt PTHRHt  

284051 84009 SCLCD9 OTRA 18401 ~ B 4 0 2 ~ 8 4 0 3 ~ B 4 0 6 ~ B 4 0 7  r PFRRAt  P T T R A t  
3PTP:RAg PTRRSt  P T T R S r P T P R S t E  itEZ rf3~EQtE5~E6ttLAL~CDALtCLAHt 

SMUO~NUDpPHISD~.THETSO~a€TAOtGAUMAO~THETDt P H I O t  DYNAt  ENERt  AST t RG 
COHHON / VAR / S F R M ~ l 5 0 0 ~ ~ G L ~ 9 ~ 2 ~ 2 0 l ~ ~ A T A 8 S ~ Z O l ~ ~ S T A B S ~ 2 O l ~ ~  

~ P A R T S ~ ~ ~ ~ ~ P A R T C ( L ~ ) ~ C A D J ~ ~ ~ ~ ) ~ F ( ~ , ~ I ~ C F ~ ~ T ~ ~ ~ G ~ ~ T ~ ~ ~ C G ~ ~ ~ ~ ~  
COMHON / VAR / L A M P ( Q ) r V A R X ( 2 5 )  
REAL M A G H t A A S S t l A H P  
COMMON / ANAL / H f ~ H I S ~ S I A ( 8 ) t S I A S ( 8 )  t S I E ( 8 )  t S I E S 1 8 )  t C S I A t  

I n  4 C D A H ~ P C L R A ~ P C D R A ~ ~ B l 3 0 ~ 8 1 3 l t P T R G t S T R G ~ D ~ R ~ t G T R G t S R A T t  

/ I  C' 
I 

I -\ 

I l C S I A S ~ C O S 1 P ~ C D S I A ~ C R D S I ~ C H I A ~ C ~ I A S ~ C ~ H I ~ t C ~ H I P ~ C R D H I ~ ~ S I ~ ~ 8 ~ t  
2RDS I( 8 1 t OHIA, OHIPS R D H I  
3ISS ( 8 0 8  ) t Y T (  2 ~ 2 1  t F l ,  F 2 t  S I D (  8 )  t SFC t D S I ( 8 )  t O S 1  J t D B E T A t 8 )  t 
4fS.S It f 8 t 8 1 9 OPSQt DPSQK +I HHK t I SHK ( 8  1 t I 5SK ( 8 t 8 )  t 
5 I S S  ILK(  8 ~ 8  ) ,0B6TAK ( 8 1 t STVR S (  12 t 9) t LAMDA ( 6  t 8 t9) t SFCK t F 1 K  t 

OP * € H I  t G E H 1  t I N T G L  (9t91 t I H H t  I SX(  8 1 t 
I 

P 

6F2K 

LLAMBDA 

l N T t  MRTNt-MTRGoKACCt K A T  K S t N  I F t N G t  L ( 8 ) t  L S  (8) 
EQUIVALENCE(  SFRM( 2000) r.NORA( 2000)  tHNA (1997) t NEQA (1996) t 

1T  IMEA4 1995 1 U (  1993 1 9 V (  1992 1 
2 P H I R ( 1 9 6 8 ) ~ P A ( 1 9 8 ? ) ~ P ~ ( ~ 9 8 6 ~ ~ P C ~ l 9 8 5 ~ t P O ~ € 9 8 4 ~ t P E ~ l 9 8 3 ~ t  
3 P F 1 1 9 8 2  1, Ul I 1981 1 9  V 1 4  1980 1 t W l  ( 1979) r R X l (  1978) t T H E T R l ( 1 9 7 7 )  t 
4 P H f R 1 1 1 9 7 6 )  ,PAL(  1975 1 r P B l  f 1974)  t P C l ( 1 9 7 3 )  t P D 1 4  1972 

REAL INTGL,  I H H t  ISHI  I S S t  I S S I L t  I N T G L K t  I X H K t  I S H K t I  S S K t I  S S I L K t  

I C' *I . COMMON / I V A R  / JTAPEtKTAPE,LTAPE t I T N t  I T T N t I  STAGEt  NC t 
I 

In 

i 
l n  W (  I991 1 t RX (1990) t THETR (1989 1 t 

' p  t PEL (1971 t 

' n  8-3  
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C 
c 
C 

C 
C 
C 
C 

C 

C 
C 

C 
c 
C 

C 

E N D  O F  C D P l M O N  F O R  A L L  P R O G R A M S  

COMMON I FORM / S T R A J I 2 0 g 1 3 1  
O I M E N S l O N  F N A M E ( 2 5 )  
DATA FNAME / 1 5 O H N U l L  T I M E  U v W R THETA P H I  

l E A T  ACELPFALTPF HTRTPFNULL NULL MU NU T H E T A * P H I +  H 
2EL ENER GAMMA BETA DYN 1 

DATA MINoMAX / 3HMINg  3HMAX / 
PRTOPT( 1 )  P R I N T  CONTROL T A B L E S  OP=LASTt  1o=ALL 
PRTOPT( 2 1 PUNCH CONTROL TABLES Oo=NONE, lo=LAST$2-=ALL 
PRTOPT( 3 )  A O J O I N T  P R I N T  Oo=NONE , l o = A D J O I N T  ONCY,Zo=ALL 
VALUES SET FOR A L L  CASES 

1 C O N T I N U E  
CLEAR STORAGE AREAS C A L L  C L E A R ( F R O M I T O , F R O M ~ T O I E T C )  
C A L L  
RAD IAN=57-2957?95 

CLEAR( C A S E N O l 1 )  t IGO( 340) ,RADIAN SVARX ( 2 5 )  * H I  9F2K g J T A P E  t LS ( 8 )  

N I F  I S  THE NUMBER OF CONTROL V A R I A B L E  P O I N T S  SO AS T O  G I V E  200 
EQUALLY SPACED P O I N T S  ALONG THE TRAJECTORY 
N I F = 2 0 1  
J T A P E  = P R I N T  OUTPUT TAPE 
KTAPE = PUNCH OUTPUT TAPE 
L T A P E  = 8 U F F E R  TAPE 
J T A P E = 6  
KTAPE=7 
L T A P E = 8  
NOMINAL VALUES FOR C E R T A I N  VALUES OF INPUT 
A l L = 2 , 0  
A12=.50 
A21='85 
A22=,40 
A23=  ~ A, 

A32=.85 

A34=,1 

CEHIM=O.O 
DPSQM=O.O 
LAM = 10. 
SLPE=2116.2  
M U = l o 4 0 7 6 9 8 E 1 5  
RF=2,0925631E7 

A 3 1 4  e 0 5  

A33=.40 

D E L F = O e O  

GJ= 1 62 3 4 l E - 3  
OM E GA=? e 292 1 1 5 0 8 E -  5 
R E = 2 0 9 2 6 4 2 8 .  
RPC=20855965.  

H L I M = 1 0 0 0 0 0 0 .  
ORDA= 2.0 

T L I M = 9 9 9 9 .  

HNOMA= 0 1 
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10 
C 
C 

c 
1000 

1010 
C 

1020 
LO 30 

C 

C 
C 

E U A = l -  E-5 
E L A = l - E - ?  
HMAXA=S.O 
HHI lYA=o005 
Y CA= -00 1 
O R D B s  2 o 0 
H W H  8= o 0 1 
EU8= 3 0 E-3 
E L B = l - E - S  
HMAX8i=5oO 
HHINB=oOOS 
Y CB= 000 1 
00 10 2 - 1 9 4  
P R T O P f l  I ) = O m 0  
SUBROUTINE PRNTIN READS AN0 P R I N T S  INPUT 
RETURH FOR NEXT CASE 
C A L L  P R M f I N  
VALUES SEX FOR EACH CASE 
I T N = 6  
N I T - A I T  
NDELF=DEL F 
KA= 1 

DPSQ=ABS( XDPSO 1 
I F (  XOPSQ o L T *  0.0 1 KA=2 

AM= S I 6 N  ( 1 
DO 1010 I s 1 9 8  

S I A (  I )=000 
SfAS(4 )=Go0 
SIE(iI=O*O 
S I E S (  I )=eo0 
S I D t  I )=OoO 
D S f ( - I J = O o O  
08ETA4 I )=OoO 
LSS I)=O 
L (  I )=€I 
DETERNLNE NUMBER OF CONSTRAINTS 
NC=O 
DO 1020 1 - l r 8  
IF!Crlrf?[I! .Elf= Gee! GO TO 1,930 
NC=NC+1 
L (  I )=I 
CONT I NU E 
N T = N C * l  
TERMS CONSTANT FOR E N T I R E  CASE 
0 10=MU+GJ*RF**2 
0 1 L=4 L O*.O 10 

0 9 P AY 0 FF 1 

D 12=8 o 0*010 
0 L3=600+DIO 
014=2t0*010 
020-2 -O*PlU 
D30=OMEGA**2 
03 I= 2 O*OME GA 
032=2.0+030 
SET UP LAMCQS-IM TABLE LAMP 
LAMP(  I ) * T F I N A L  ARE TIMES FOR LAMCOS-00 
I F f L A H  o E Q o  0.01 GO TU 1072 
I F ( L A M  oLTo  2-01 LAM=2.0 
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I F ( L A #  OGTo 10-0) LAfrl=fO,O 
DO 1071 I = l r 9  
LAMP( I ) = A I N T ( ( f L O B T f I ) / L a M  + , 0 0 1 I * 1 0 0 ~ ) ~ 1 O O o  
I F t L A M P f  II e G T *  ,981 i A M P ( I ) = O , O  

1071 CONTINUE 

1072 DO 1073 I = l o 9  
GO TO 1077 

1073 LAMP( I ) = O n 0  
C T H E  VALUES I N  LAMTAB TABLE MUST BE I N  I N C R E A S I N G  O R D E R  

DO 1075 1 ~ 1 9 9  
CAMP( I E = A I N T ( I A M T A B (  I I / T F I N A L * l O O e  I / l O O o  
I F ( L A M P ( I 1  o G T o  098 oORo L A M P ( I 1  "EQe 0-03 GO TO LO76 

1075 CCNTXNUE 
GO TO 1 0 7 7  

1076 LAMP[  I $ = f f n O  
1077 CONTINUE 

C 
C SUBROUTINE STATE COMPUTES THE FORWARD TRAJECTORY 

2000 C A L L  S T A T E ( N F 1  
c N F  ERROR I N D I C A T O R  L=OKv2=ERROR 
C I F  ERROR GET NEXT CASE 

C 
C ANALYZE FORWARD TRAJECTORY 
C 

C HEADINGS FOR A N A L Y S I S  S E C T I O N  

GO T O ( 4 0 0 0 , 1 0 0 0 ) p N F  

4000 CONTINUE 

W R f T E 1 3 T A P E t 9 0 5 0 )  CASENOT I D  
W R I T E 6 J T A P E ~ 9 0 5 1 )  
M INHAX=M IN 
I F i A M  ,GT, 0.42) #INMAX=#AX 

H I=FUNCT( PAYOFF 1 
C FUNCT I O N  FUNCT COMPUTES PAYOFF AND CONSTRAINT F U N C T I  ONS 

I F ( N C  oEQo 0 )  GO TO 4030 
DO 4020 I = l , N C  

I F ( S 1 A L  I) o L T a  I S I T ( I ) + E P S ( I ) ) )  GO TO 4010 
S I A (  I l=FUNCT(CON( I )  1 

S I E '  I b = S I A (  I ) - S I T ( X )  
GO TO 4020 

S I E ( I ) = S I A (  I)-SIBiI) 
GO TO 4020 

4015 S I E 6  I )=O,O 
4020 CONTINUE 

4010 I F ( S I A ( 1 )  o G T e  ( S I B ( I ) - E P S ( I ) ) )  GO TO 4015 

4030 I F (  XT'N ONE, 0 )  GO TO 4060 
C ZEROTH I T E R A T I O N  
4040 I = A B S 1 P A Y O F F )  -+ l a 0  

W R I T E ( J T A P E , 9 0 5 2 )  M I N M A X ,  F N A M E ( I ) , H I  
I F ( N C  e E Q o  0 )  GO TO 4046 
W R I T E (  JTAPEP 9 0 5 3  1 
DO 4043 I = l ,NC 
J = C O N ( I )  + 1.0 

4043 W R I T E ( J T A P E , 9 0 5 4 )  F N A M E [ J ) , S I A ( I ) , L ( I )  , S I T ( I ) r S I B ( I )  
4046 CONTINUE 

C I F  ZERO I T E R A T I O N S  GO TO NEXT CASE 
4050 I F ( N 1 T  * E Q e  0 ) G O  TO 1000 

KACC= 1 

A 

r 

/'- 

f 
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?- 

A 

I 

r‘. 

,’ 7 ‘ 

,n 

C ZEROTH LTERAJION - GO DIRECTLY TO ADJOINT 
GO TO 6010 

4060 CONTINUE 
c NOT LfRUTH ITERATICtEI 

IFtNC OEQ- 0 )  GO TO 4080 
C ANY CGNSSRA INrs ARPC ICABLE 

DO 4051 I=L,NC 
IF(LI6) oNE0 OfGO TO 4070 

4061 CONTINUE 
GO TO 4080 

C CON-STRA IMTS APPi ICASCE 
4070 CSIA=O-U 

CSIAStU-0 
DO 4071 I=LtNC 
CSIAS=SIES( Il**2/ISS( I*, I )+CSIAS 
CSIA=SI€( 1)**2/1SS( IsI)+CSIA 

4071 CONTIWUE 
CSIAS=SQRTCCS?AS) 
CS I A=SORT( CSI A f 
COS IF=-SFC*CSIAS 
COS I A=CS IA-CS I AS 
CRDSI-CDSIAICOSIP 
CHIAS=HZS-THA#L( XSHt ISSILtSIEStL) 
CHIA=k4I-THAHLI ISH,ISSILtSlE,L) 
COH IA=CHIA-CH I AS 

CDHIP*AM*SQRT ( t OPSQ-THAHL (DBETA 9 I SSI Lt DBETA t L) 1 
IFI.fl o E Q -  O A f G O  TO 4072 

1+( IHH - TMAHtl €SH*ISSILIISH~LI 1 )  
CRDHI=CDHIA/CDHIP 
GO TO 4090 

CRDHI-0-0 
GO TO 4090 

4072 CDHIPS=UoO 

4080 CSIA=O.O 
XF(NC 0EQ- 0) GO TO 4082 
DO 4081 IllrNC 
CSIA=SIE( I )**2/1SSt I t 1  ) + C S I A  4081 
CSIA=SORf(CSIA) 

4082 r,S!AS”O*C) 
CDS IPW-0 
COSIA=CSlA 
CRDS I==O.O 
CHIA=HI 
CHIASwiIS 
CDH I A=CH?A-CHI AS 
CDHIP=A#*SURTI~PSQ~IHH) 
CROH 1 *C OH LA I C  OH I P 

IFtNC .EQ. 0)GO TO 4100 
DO 6094 I=ltNC 
DSIA( .I )=SIA( I )-SIAS( I) 
RDSI(..I)~USIA(I)/DSI( 1) 

4098 COMT IWUE 

4094 CONTINUE 
4100 DHIA=HI-HIS 

DHI P=CDHIP+TMAML f ISH t I SSIL POBE TA t L 
RDHI=DHIA/DHIP 
DP=SURT C OQSU 1 
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E H I=DH I A I  OP 
C E H I = C D H I A / D P  
f = A 8 S ( P A Y O F F f  + 100 
W R I T E ( J T A P E o 9 0 5 5 1  M I N M A X B F M A M E I I )  9 H I S 9 H I  r O H I P p D H I A t R O H 1  
I F (  NC o E Q a  0 )  GO TO 4121 
W R I T E  t JTAPEp 9 0 5 3 )  
DO 4120 I = l r N C  
J=CON6II += 1-0 
W R I T E ( J T A P E p 9 0 5 6 1  F N A M f ~ J f r S I A S ( l ) ~ S I A ~ I ~ ~ L ( I ) 9 0 S f ( I ) r D S I A ~ l ~ ~  

f R D S I (  I 1 9  S I T (  I f p  SIB4 I ) r S I E S (  I fqSIE( I )  
4120 CONTINUE 
4121 CONTINUE 

W R I T E (  JTAPEr 9057 1 C H I A S o C H I A  p C D H I  P pCDHIA  t C R D H I  
I F f N C  , E Q o  0 )  GO TO 4125 
W R I T E  (JTAPE,  9058 1 C S I A S p C S i A w  COS1 P r C D S I A  v CROSI  

4125 W K I T E { J T A P E 9 9 0 5 9 )  I H H  
IFdNC ,EQo 0 )  GO TO 4130 
WRITE 6 J T A P E ?  9060 1 
W R I T E ( J T A P E c 9 0 6 1 )  
00 4127 I=lpNC 

( I SHl I 1 t I = 1  t NC I 

4127 W R I T E 4 J T A P E c 9 0 6 2 )  ( I S S ( I r J ) o J = l r N C )  
4130 CONTINUE 

W R I T E (  3TAPEo 9063 )DP SQ r"SFC t EHX r C E H I  
C 
t CHOOSf NEH DPSQ AND CHECK FOR STOPS 
C 

5000 KS=l  
KACC= 1 

C K A = 1  V A R I A B L E  W S Q t  KA=2 F I X E D  OPSQ 

C V A R I A B L E  DPSQ 

C USE P S I  PERFORMANCE I N D I C A T O R  

GO T 0 1 5 0 1 0 r 5 2 3 0 ) r K A  

5010 I F ( F L  e G T -  O e O )  GO TO 5020 

N D E L = O  
I F ( G R D S 1  * G E M  A 2 1 1  GO TO 5200 
I F ( C R D S 1  *GEM A 2 2 1  GO TO 5210 
GO TO 5300 

c USE V H I  PERFORMANCE I N D I C A T O R  
5020 IF( C R D H I  e L T a  A 3 3 1  GO TO 5300 
5030 IF6 A B S ( C E H 1 )  e G E *  C E H I M )  N D E L = - l  

NDEL=NDEt + 1 
IF6CRDHI ,LT, A 3 2 1  GO TO 5210 
I F L C R D H I  .GE. A 3 1 1  GO TO 5300 

C INCREASE DPSQ 
5200 D P S Q = A l  l+DPSQ 

C SAME OPSQ 
C ACCEPTABLE I T E R A T I O N  - CHECK FOR STOPS 

5210 I F (  N D E L  oLE, NDELF 1 GO TO 5230 
KS=3  
GO TO 5400 

KS=4 
GO TO 5400 

GO TO 5400 

5220 I F ( D P S Q  .GT, DPSQH) GO TO 5230 

5230 IF(NIT .LE* I T N )  K S = 2  

C OECREASE OPSQ 
5300 DPSP*A 12*DPSQ 
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C 

5310 

5320 
C 

5400 

C 
C 
C 
C 
C 
C 
C 
C 
C 

5403 

C 
S 4 0 8  

5412 

C 
6000 

C 

c 
6001 

6004 

T OS 07 

I S  TRAJECTORY ACCEPTABLE 
I F ( F 1  -GTo 0 - 0 )  GO TO 5310 
I F I C R D S I  I G T o  A 2 3 1  GO TO 5210 
GO TO 5320 

UMACGEP T ABL E TRAJECTORY 
KACC=2 

IF ( .CRDHI  -GT. A 3 4 1  GO TO 5 0 3 0  

I f ( 0 P S Q  .L lo  oOl*OPSOM) KS=5 
IF(ITTN -GEo 5 )  K S - 6  

W R I  TE4 J TAPE 
GO T l M 6 0 W ,  5403~540315403r5408r5408) 9KS 
KS= 1 DO NOT' STOP 
K S = 2  REQUESTEO NUMBER OF I T E R A T I O N S  COMPLETE 
K S E ~  COMPOSITE GRADIENT LESS THAN M I N I H U H  VALUE FOR NDELF 

K S = 4  CURRENT I T E R A T I O N  ACCEPTABLE B U T  NEW DPSO L E S S  THAN DPSQM 
KS-5 CURRENT I T E R A T I O N  UNACCEPTABLE AND DPSQ L E S S  THAN 

9064 1 DP SQ s KS,  K A t C  , KA 

I T E R A T I O N S  

oOL*,DQSQM 
K S = 6  T R I A L  I T E R A T I O N  COUNT - G f -  5 
LAST I T E R A T I O N  ACCEPTABLE 
W R I T E 4 J T A P E s 9 0 6 5 )  CASENOt I D  
WRITEI&TAPE,  90151 DELTA 
WRITE 3 TAPE, 90 13 1 
W R I T E I J T A P E w 9 0 1 1 )  I A T A B X ( I ) , I f l r N L F )  
WRITE( JTAPE9 9014)  
WRfTE13TAPE,9011)  I S T A B X ( X t t I ~ 1 , N I F )  
I F t P R T O P T f 2 )  OEQ- 0 - 0 )  GO TO 1000 
PUNCH 9010, CASENOSDELTA 
PUNCH 9013 
PUNCH 90I& 4 A T b a X I  I ) q I=l,NXF) 
PUNCH 9014 
PUNCH 9 0 1 2 , ( S T A B X I E ) , I 1 L , N I F )  
GO TO 1 O W  
L A S T  I T E R A T I O N  UNACCEPTABLE RECOVER CONTROL TABLES 

ATABXJ I )=ATABS( I 1 * R A D I A #  
S T A B X t  I )=STABS( X ) * R A O I A N  
GO TO 5403 

CONTIMUE 

I T E R A T f O N  ACCEPTABLE 

DO 5412 I = l , N I F  

Kaf-C=1  LAST ITEP,AT!ON &tCEPfASLEv#ACC=Z WGT ACCEPTh6iE 

GO TOi(6OOi9 7 0 3 0 ) r K A C C  

I F ( P R T O P T ( 1 f  oEQo 0 - 0 )  GO TO 6004 
P R m r  CONTROL VARIABLE TAELES 
W R I T E f J T A P E , 9 0 6 5 )  CASENOIID 
W R I  T E I  &TAPE, 9015 f 
W R 1 T E t  J TAPE, 90 13 1 
W R I T E 4 3 l ' A P E ~ 9 0 1 1 ~  ( A T A B X ( I ) y I ~ l t M I F )  
W R I T E 4  JTAPE, 90 14 1 
WRITE4JTAPE,9011)  ( S T A B X ( X ) s I = l t N L F )  

I f ( P R T O P P C 2 )  OCTO 2-01 GO TO 6006 
PUNCH 9010, CASEN0,DfLTA 

PUNCH 9 0 1 2 r ( A T A B X I l f , I ~ f , N I F )  

PUNCH 9 0 1 2 r ( S T ~ B X I I ~ t i = l r N X F )  

DELTA 

C O N T I f W E  

PUNCH 9013 

PUNCH 9014 
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6006 CONTINUE 

6010 CALL ADJNT(MF1 
C SUBROUT faJE A D J N T  COMPUTES A D J O I N T  TRAJECTORY 

C N F = f  ADJOINT OK 2= A D J O I N T  ERROR 

c 
C 
C THIS SECTION COMPUTES NEW CONTROL VARIABLES AND R E T U R N S  T O  COMPCift 
C A NEW FORWARD TRAJECTORY 
C I T E R A T I O N  ACCEPTABLE 

GO Tff17r320L 1000IoNF 

7020 I T N - I T N + P  
I T T N - 0  
CASENO: 2i-AfNTFGASEN042) f l n O )  
H I S = H I  
I F l N C  n.ME. 0 )  GO TO 7024 

7021 F 1-1,DPSQ 
FZ=SQRTd D P S Q / I H H )  
SFC=O.O 
GO TO 7329 

L (  I )=O 
S I A S t  I ) = S I A (  I )  
S I E S (  I ) = S I E (  I) 
I F (  S I A ~ I I )  -GEi ( S I T ( 1 )  + E P S ( 1 ) ) )  GO TO 7023 
I F (  S I A ( ? )  .LE, ( S I S ( € )  - E P S ( I 1 ) )  GO TO 7023 
GO TO 7025 

7023 L ( I ) = L  
7025 LS(  I ) = L (  I) 

GO TO 7090 

7024 DO 7025 I = l o N C  

C I T E R A T I O N  UNACCEPTABLE 
7030 I T T N =  I T T N + l  

C A S E N 8 ( 2 ) = C A S E N 0 ( 2 1  + -1 
I F 6 N C  ,EQ. 0 )  GO TO 7021 
DO 7031 f = L o N C  

7090 DO 7091 I = l , N C  

7092 C A l  - M I M V L (  I S S p x I S S I L , L )  

7031 L ( I ) = L S ( I )  

7091 S I D l  I )= -S IES(  I )  

TEMP=TMAML(SIDFISSIL~SID,L) 
F l=DPSQ-TEMP 
SFC=leO 
k F 6 F l  n G E n  O e O )  GO TO 7100 
SFC=SQRTIDPSP/TEHP)  
F l = O - O  

7100 00 7101 I=loNC 
7101 DSILI)=SFC+SID(I) 

F2rSQRT t F1/( IHH-TMAML ( I S H p  I S S I L ,  I SH, L )  1 )  

DO 7145 I = l , N C  
C ARE T H E R E  ANY I N A C T I V E  CONSTRAINTS 

I F  ( t l ( I 1  -EQe OIGO TO 7150 
7145 CONTINUE 

C NO-ALL 4CT IVE 

C ONE OR MORE CONSTRAINTS I N A C T I V E  
GO TO 7 3 2 0  

7150 K C I = 1  
DO 7 2 4 0  I = l o N C  
I F I L ( 1 )  .NE, OIGO TO 7240 
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I- 

n 

f '  \\ 
i 

,- . .. 

OS IJ=AM*F2*1  I S H (  I I -THAHL ( f S S (  It I f * 1 S S I  L , I  Skit L) 1 

IF( 15 1AS( I ) + D $ I 3  f oLT. ( S I T (  I ) + E P S 1 1 ) )  )GO TO 7200 
S I D (  I ) = S I T (  I ) - S I A S (  I )  
L I I ) = l  
K€.I=2 
GO TO 7240 

S I D f  I ) = S 1 8 (  I ) - S I A S (  I) 
L ( I t = l  
K C I = 2  
GO TO 7240 

7230 D S 1 t l ) s D S I . I  
7240 CONTINUE 

l+TMAHG( I S S t  I t  I ) I  I S S I L r D S I t L )  

7200 I F I S I A S t I )  + O S 1 3  oGEo ( S I B t I 1 - E P S ( I t ) )  GO TO 7230 

C KCI=1 NO CONSTRAINTS BECAME A P P L I C A B L E  K C I = 2  YES 
GO TO l f 3 0 0 t 7 0 9 2 ) t  K C I  

7300 CONTINUE 

7321 D B E T A t I ) = D S I ( I )  
7320 DO 7321 I = l t N C  

7329 00 7330 I = l , N I F  
T IHE=FLOAT(  I - f l * D E L T A  
C A L L  M U L G ( S O r N E R R t T I M E t W T A B 1 W T f l r l ) r W T A 8 ( l t 2 ) t U T ( 2 , 2 ) t U T A B ( l t 3 ) )  
ATABX€ I )=AM*F2/Wf(  I ,  ll* (Gt ( 1 9 1 9  I l - T M A H L ( G L ( 2  t 1 t I 1  t I S S I L r  I S H t  L I 

l+TMAML t GL f 29 l . 9  I 1 p I SS It , OBETA , L 1 /WT ( 1 t 1 1 + ATABS ( I 1 
ATA8X4 f )=ATABX( f 1*RAO€AN 
SPABXt I f=AM*F2/WT( 29 2)* ( G L  t 1 t 2 r I  ) - T M A M L ( G L ( Z t 2  e €  t I S S I L t  ISH,  L )  

l+TMAMl.i G L 1  2 p  29 1 )  I S S I L ~ D B E T A ~ t  8 /WT (2 0 2 )  + STABS ( I  1 
STABXJ I )=STABX( 1 )* ,RADIAN 

7330 CONTINUE 
C A0DITi.IONAL OUTPUT A T  END OF A D J O I N T  TRAJECTORY 

C RETURN TO COMPUTE N E X T  FORWARD TRAJECTORY W I T H  NEW CONTROL TABLES 
C A L L  OUT( I G O t  256) ,.HFMT( 181 1 t O F H T (  181) 

GO TO 2000 
C FORMAT STATEM€NTS \ 

9010 FORMAT( 1O'H CASE.EIO(1) F l O o O t F 1 O o l t S X t  8 H D E L T A ( 1 1  F l O o 6  I 
9011 FORMAT[ l l F 1 2 0 5 )  
9012 FORMAT( 6F1205) 
9013 FORMAT# 10H ALPHAXt  1) 1 
9014 FORMAT( 1OH S I G H A X (  11  1 

9050 FORMAT( 1 0 7 H l  RAYTHEON THREE-DIMENSIONAL TRAJECTORY O P T I H I Z A T I O N  P 
9015 FORWATi 9 H O D E L T A ( 1 )  F l O - 6  

lROGRAH T O S 9  A N A L Y S I S  CASENO I T N O  # 
2 9 2 X t F 8 - 0 , F ? o l t  2 X t - 3 A 6 )  

9051 FORMAZ( 1HO 2 6 X t < 1 0 4 H O L D  NEW STATUS P R E D I C T  A t  
l T U A 1  R A T I O  H I  L I M  LOW L I M  OLD ERROR NEW ERROR 

9052 FORMAT[ 8HO PAYOFF 2x1 A 3 t  1 X t  86, € 2 6 - 6 )  
9053 FORHAT( 13H0 CONSTRAINTS 1 
9054 FORMA?( 1 4 X t A 6 9  €26-69 1 3 9  E 4 7 0 4 9  E 1 2 - 4 I  
9055 FORMAT ( 8HO PAYOFF 2 X t  A 3  r LX 9 A 6  , 2E 130 6 ,6X ,2E12-  5 t F80 2 
90% FORMAT( 1 4 X t  A b #  2E13-6, 13, 3 X t  2 E 1 2 - 4 ,  F8.2, 4 E 1 2 - 4  
9057 FORMAT( l l H O  P H I  I N D E X  9x9  2 E 1 3 - 6 s  6x1 2 E 1 2 - 4 ,  F8 -2 )  
9058 FORMAT[ l l H O  P S I  I N O E X  9 X t Z E 1 3 - 6 t b X t  2 E 1 2 - 4 t  F8 -2 )  
9059 FORMATI 12HO I P H I  P H I  E 1 2 - 5 )  
9060 FORMAT4 12HO I P S I  P H I  8 E l 2 - 5 )  
9061 FORHAT( 12HO I P S I  P S I  f 
9062 FORMAT( E 2 4 - 5 9 7 E 1 2 - 5 )  
9063 FORMAT( 14H0 CURRENT DPSQ E 1 6 - 5  I 5H SFC € 2 5 - 5  I 1 3 H  PAYOFF GR 
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1AD €17-5 / I6H P H I  INDEX GRAD €14.5  f 
9064 F O R M A T i l O H  NEW OPSU f20o5 / /  4H KS I 6 /  6H KACC I4 / 

L 4 H  K A  I 6  1 

1ROGRAH TOS9 CONTROL VARIABLES CASEMO ITNO / 
9065  FORMATI 10-fH1 RAYTHEON THREE-DIMENSIONAL TRAJECTORY O P T I M I Z A T I O N  P 

292x8 F8 00, F?o 1 t 2x1 3A6 1 
EN0 
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% I B F T C  P I N  

C 
C C O M M O N  F O R  A L L  P R O G R A M S  
C 

SUBROUTINE P R N T I N  

COMHON 1 I N P U T  I C A S E N ~ ( ~ ) ~ ~ D ( ~ ) ~ X V T ~ X G A H ~ D I X B E T A D ~ X H , X T H E T O S  
1 X  PH I D  9 GS 
2A22tA31~A32tA33t~~LFICfHIMIDPSQMBKfrRrt~ltK2tR2tN2tAHljAH2t 
3AHRl.r  A H R 2 r L A H r  S l P E t  MUtRFt GJ tOHEGAtRE tRPC t T L I M s H L I  Mt 
4 A 2 3 t  A 3 4 8 0 R D A t  l+WMAo EUAt  E L &  9 HMAXA p H M I  NA s Y C A t  
50RDBs HNOMB s EUB p E L B t  HHAXB 9 HM I N B  9 YCB 

~ E P S ~ ~ ~ ~ E O S T ~ ~ ~ ~ A E ~ ~ ~ ~ R E F A ~ ~ ) , I T ~ ~ ~ ~ D T ( ~ ~ U T ~ T ~ B ~ ~ ~ O ~ ~ T A ~ T A B ~ ~ O ~ ~ ~  
2 W T A B t 5 O p 3 ) r M T A B d  11941 t A T A B (  2 6 ~ 4 )  g C L T A B ( 1 5 0 t 4 )  oCOTABI15O t4) t D E L T A t  
3ATABXt  201 ) g  STABX( 201 1 *LAMTAB ( 9 )  oPRTOPT ( 4 )  t 1  MPUTX( LO) 

GN AS S 9 PAY0 F F t STOP g STOP V 9 HP A f T t XD P SQ 9 A 1  1 t A 1  2 t A 2  1 t 

COMMON / I N P U T  / A M T A B X ~ 1 0 0 ~ ~ S N T A B X ~ h O O ~ ~ C O ~ ~ 8 ~ , S f T o 1 S I B ~ ~ ~ t  

COMM0N / I N P U T  I HFMT(220)rOFMT(2201tIGOt340) 
REAL 
COHMON / VAR f RADIAN~DlOtD€lpD12tDl3tDl4tD20tD3OtD319032t 

K l r N l g K 2 t N 2 t  I T *  MUS LAMt LAMTAB 

1ALPHDa S IGMD, ALPHR 9 S IGMR 9 CS? GM t S S I  GMtC THET t STHE T t R t H t VHSQ t 
2V TSQ AfH VT  PEA s RHO 9 SUF S t MACH 9 MA SS t TH t THR t COS1 T j S I NI T t COSDT t 
3 s  INOTp THRX, THRY9 T H R f r  CALPHt  SALPHtC €rC2 t C 3 t f 4 t C S t C b t T H R R t T H R T  t 
4THRPp Sp X I  9 X 2 t  X 3 9  X 4 9  X S t  X 6 9  X 7 r  X 8 9  X9tRSQtR4TH,  SQRHOt ACELGo T A U T  
5T IMEHo C L t  CDt  T F I N A L ,  8 5 6 9 B 5 8 t P E H t R H O H t  SOFSH t PEL t RHOL t SOFSL t 
6t iPfRH, DRRHg DSRHtCLHMoCDHWtCLLMtCDLMtPGLRMtPCDRMtORPRT ,810 t 
78201 BZ10.33Oo €3311 8409 8 4 l t B 5 0 r B 5 1  t B 5 2 t B 5 3  t B 5 4 t 8 5 5  t B 5 7 t B 6 0  1861 t 
88629 B 7 0 ~ 8 7 1 ~ B 8 1 t B ~ 2 ~ 8 9 0 t B 9 l ~ B 9 2 t ~ 9 3 ~ B l O ~ t ~ l O l  t B 1 0 2 t B 1 0 3  t B 1 0 4 t  
9 R 3 R O o R 5 T H o V T 3 t B 2 0 0 ~ B 2 O ~ t V H 3 t B 2 0 2 t B 2 0 4 t P T R R U t P T T R U t P T P ~ U  
COEIHON 1 VAR / PTRRVtPTTRVtPTPRVtPTRRWIPTfRntPTTRUtPTPRUtPTHRHt 

l P T X R H ~ P I Y R H ~ P T L R H j B 3 0 0 r S 3 0 1 , 8 3 0 2 r P i R R R R t P T ~ R R ~ P T P R R t B 4 0 4 t  
28405g B 4 0 0 p  SCLCDt D T R A t B 4 0 1  t8402t 8 4 0 3 r B 4 0 6 t S 4 0 7 t  PTRRAt P T T R A t  
3PTPRAsPTRRS9 PTfRS,PTPRS,E l  t E Z t E 3 t E 4 t E 5 t E b t C L A L  t C D A L t  C L A H t  
4CDAHp P C L R A t  P C D R A r B 1 3 O t B  131 t PTRGt STRG VDTRGtGTRGt S R A T t  
S M U D p N U D ~ P H I S D o T ~ E T S D ~ ~ E T A D , T H E T D t P H l O t ~ Y ~ A t E ~ E R t A S T t R G  

COMMON / VAR I S F R # ( ~ ~ O O ~ , G L ( ~ ~ ~ ~ ~ ~ ~ ) ~ A T A B S ( ~ ~ ~ ) T S T A B S ( ~ O ~ ) ~  
l P A R T S ~ 1 4 l o P A R T C ( l 4 ) r C A D J t b r 9 ) r F ( 6 r b t r C F ~ 6 t 6 1 t ~ ( 6 t 2 ) t C G ( 6 t Z ~  

COMMON / VAR I L A H P ( 9 ) r V A R X ( 2 5 )  
R E A L  MACHtMASSoLAMP 
COMMON f ANAL / H I ~ H I S S S I A ( ~ ) ~ S ~ A S ( ~ )  t S I E ( 8 )  t S I E S ( 8 1  t C S I A t  
l C S I A S t C D S I P t C D S I A p C R D S I t C ~ I A t C H I A S t C D H I A t C D H l ~ ~ ~ ~ ~ H ~ t ~ ~ i A ~ ~ ~ t  
2RDSI~~~~DHIApDHfP~RDWIIOPIEHft~E~I~CEHIgINTGL~9t9~~I~HtISH~8~t 
3ISS(898 )9WTf 29 2 ) s  F l g  F29 S I D (  8 )  r S F C t D S f ( 8 )  t D S X J t D B E T A 1 8 )  t 
4 ISS I L  i 8 p 8 1 9 DPSQ, DPSQK # + I  HHK t I SHK ( 8 1 t I SSK 
5155 I L K  d 89.% 19 DBETAfCt 8 1 t STVRS f 12 p 9) t LAMBDA (6t 8 t 9) t SFCK t F 1  Kt 

8 t 8 1 t 

6 f 2 K  

1LAHBDA 
REAL I N T G L t  IHHt ISH9 XSSt I S S I L t  I N T G L K t  I H H K t  f SHKr I S S K t l  SSI LKt 

COHHON / XVAR 1 3 T A P E t K T A P E  t LTAPE t I TNt I TTNt I STAGE t NC t 
lNT9NRJNgNTRG9KACCtKAtKStNIF~NGtL(8)tLS(8) 

l T I M E A 1 1 9 9 5 ) r U (  1993) rY ( l992 ) tW( t991)  t R X ( 1 9 9 0 1 t T ~ E T R ( 1 9 8 9 ) t  
2 P H f R t l 9 0 8 t o P A (  1 9 8 2 ) r P B ( 1 9 8 6 ) r P C ( 1 9 8 5 )  t P D ( l 9 8 4 ) t P E ( f 9 8 3 )  t 
3 P F I  1982 1 t cI1( 1981 1 1 V 1 ( 1980 1 9 W l  t 1979) t R X l (  1 9 7 8  1 t T H E T R l  ( 1977 1 t 
4 P H I R 1  

EQUIVALENCE(SFRMf200O)j~~RA(Z~O~)tH~A(l99?)tNEQA(l996~t 

1976 1 9  P A L (  1975 1 t PB14 1974 1 t PC 1 t 1973 1 t P D 1 (  1972 1 t PEL ( 1971 1 t 
5 P F u  1970) 1 

DIMEMS ION 
EQU IVALENCEt SFRMt 2000) p2MDR8(  1981 1 tHNB(  1978) r NEQBf I977 1 t 

ADJ ( 6 9  9 1 9  DAD J( 6 9  9 )  

1 T  IMEB4 1976 1, A D j  ( %974 1 t OAOJ ( 1 9 2 0 )  
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p, 

D I M E N S I O N  STVR(  12) 
EQU IVALENCEd S T Y R f  11 9 UI 

C 
C E N D  O F  C O M M O N  F O R  A L L  P R O G R A M S  
C 
C S E T  UP SYMSDL TABLE FOR I N P U T  

C A L L  BCDCOMt 
C A L L  BCDCONl 
C A L L  BCDCUNl 
CALL  BCDCONt 
C A L L  BCDCONC 
C A L L  BCDCON( 
CALL BCDCONI 
CALL  BCDCONI 
C A L L  f3CDCONl 
C A L L  BCDCON( 
CALL  BCDCON( 
CALL BCDCON( 
C A L L  BCOCON( 
C A L L  BCDCONl 
C A L L  BCDCON( 
CALL BCDCONt 
C A L L  BCOCON( 
C A L L  8COCON( 
CALL BCDCONt 
C A L L  BCOCONt 
C A L L  BCDCON( 
C A L L  BCDCON( 
CALL  BCDCON( 
CALL B C D W N t  
CALL BCDCONf 
C A L L  BCDCON( 
C A L L  BCDCONf 
C A L L  BCDCONI 
CALL BCOCON( 
CALL  BCOCON( 
CALF BCDCONi 
CALL BCDCON( 
CALL BCDCON( 
CALL BCDCON( 
CALL BCDCONB 
CALL  BCDCON( 
C A L L  BCDCON( 
CALL BCDCON( 
C A L L  BCDCON( 
CALL  BCDCONt 
CALL BCDCONI 
CALL  BCOC!JN( 
CALL BCOCON( 
CALL BCOCON( 
C A L L  BCDCON( 
CALL BCDCON( 
C A L L  8CDCON( 
CALL  BCDCON4 
CALL BCOCON( 
CALL BCDCON( 
CALL BCDCON( 

1 2 H C A S E N O l 2 1  
1 2 H I D b  3 )  
12HVEL 
12HGAMMA 
12H8ETA 
12HH 
12HTHETA 
1 2 H P H I  
12HGS 
12HGMA S S  
12HPAYOFF 
12HSTOP 
I 2HSTOPV 
1 2 H P R T I N T  
1 2 H N I T  
12HDPSO 
l 2 H D P I N C  
12HOPJOEC 
12HP SI EG 
12HP S I G P  
12HP SIR J 
12HP H I  GE 
12HP H I  EG 
l Z H P H I G P  
1 2 H P H I  R J  
12HNDEL F 
12HC DE L M 
12HDPSOM 
12HKOC 
12HRQC 
l2HNQC 
lZHKQR 
12HRQR 
12HNQR 
1 2 H A H l  
12HAH2 
L 2 H A Q D l  
1 2 H A 0 0 2  
12HLAM 
12HSLPE 
l Z H M U  
12HRF 
1 2 H J  
12HOMEGA 
12HRE 
12HRPC 
l Z H T L I M  
LZHHL I M 
12HORDA 
lZHHNOHA 
1 2 H E U A  
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C A L L  BCDCONt 1 2 H E L A  t E L A  1 
C A L L  BCBCON( 1ZHHHAXA tHl4AXA 1 
C A L L  SCBC3N( 12HHMINA 1HMINA 1 
C A L L  BCDCONf 12HORDB SOROB ) 
CALL  BCUCONI l2HHhtOHB rHNOHB 
C A L L  BCDCONI l2HEUB ,EUB 1 
C A L L  BCOCDNf 1 2 H E L B  t E L B  1 
C A L L  BCOCON4 12HHMAXB rHHAXB 
C A L L  BCOCON( 12HHHINB ,HMINB 1 
C A L L  8CDCDN( 12HYC8 tYCB 1 
C A L L  BCOCDNf 12HYCA rYCA 1 
C A L L  BCDCONI 1 8 H A L P H A t 1 0 0 1  t A N T A 8 X  1 
C A L L  BCOCON( 1 8 H S I G W A f l O O )  t S N T A 8 X )  
C A L L  BCQ(=DN( 1 8 H C O N ( 8 )  *CON 1 
C A L L  BCDCON( 1 8 H S I T f 8 1  * S I T  1 
C A L L  3CDCONI 1 8 H S I B f 8 )  * S I B  1 
C A L L  BCDCON( 1 8 H E P S ( 8 1  r E P S  1 
C A L L  BC[fCON(, 1 8 H f O S T ( 4 )  9EOST 1 
C A L L  BCDCON( f 8 H A E f  3 )  t A E  1 
C A L L  BCDCONf 1 8 H S 1 3 1  TREFA 1 
C A L L  BCOCONI 1 8 H I T I  3 )  S I T  1 
CALL BCDCUN( 1 8 H D T (  3 )  t D T  1 
C A L L  BCOCON( 18HTMT(  150)  tTMTAB 1 
C A L L  BCDCON( 1 8 H T A U I  100) t TAUTAB 1 
C A L L  BCDCONl 18HWT( 5013) tWTAB 1 
C A L L  BCDCSNf 18HMCLCDf 1114)  ,#TAB 1 
C A L L  BCUCDN( 1 8 H A C L C D ( 2 6 t 4 f  r A T A 8  1 
C A L L  8COCON( 1 8 H C L ( 1 5 0 & )  t C L T A 8  1 
C A L L  BCOCON( 18HCD(  1 5 O t 4 )  9CI)TAB 1 
C A L L  BCOCKlNf 18HDELTA(  1) ,DELTA 1 
C A L L  SCDbONf ' 18HALPHAX( ,20 l )  sATABX f 
C A L L  BCDCONt 1 8 H S I G F 4 A X t 2 0 1 )  r S T A B X  1 
C A L L  BCOCUW( 1 8 H L A H T ( 9 t  *LAMTAB)  
C A L L  BCDISONt f 8 H P R T O P T ( 4 )  rPRTOPT1 
C A L L  BCDCON( 18HHFMTf  1 4 0 )  ,HFMT 1 
C A L L  BCOCOSJ( 1 8 H D F M T t 1 4 0 )  tDFMT 1 
C A L L  SCDCONl 1 8 H I G O I  170) tIGO 1 
C A L L  BCOCON( 1 8 H f W U T f 1 0 )  9 I N P U T X )  

1000 UELTA=U.O 

C R f A D  I N P U T  

C P W G R A M  E X I T S  I F  A 2 OR GREATER APPEARS I N  COLUMN 1 OF THE I N P U T  

C P R I N T  I N P U T  

CASENOI 2 ) = 0 , 0  

C A L L  6 Y M B L S t  I P I C O L l f  

I F t I N C O L f  oGT*  1) C A L L  E X I T  

W R I T E d J T A P E o 9 1 0 0 )  CASENO8 10 
WRITE4 J T A l ' E ~ 9 1 0 1 )  CASENO 
U R I T E ( J T A P E t 9 1 0 2 1  XVTrXGANHD,XBETADtXH,XTHETO,XPHID 
W R I T E  I J T A P E  t 9103 1 
W R I T E f  JTAPE,  9104 1 
W R I T  E l J TAPE t 9 105 1 
W R I T E f J T A P E ~ 9 1 0 6 I  C E H I H , D P S Q M ~ K l ~ R l t N 1 ~ ~ 2  
WRITE4 J T A P E p 9 1 0 7 )  R 2 , N Z , A H l t A H Z r A H R l  rAHR2 
WR I T E  J T A P E t  9108 1 
W R I T E ( J T A P E , 9 i 0 9 )  R P C ~ T t I H t H L I H ~ O R O A t H N O M A ~ E U A  
WRITE4 J T A P E ~ 9 1 1 0 )  ELA,WMAXA,HMINA 1 YCAgORDBsHNORB 
W R I T E 9 J T A P E ~ 9 1 1 1 )  EUB,ELB,HMAXB,HMINB,YcBtLA# 

GS 9 GEIASS 9 PAYOFF * STOP t STOPV t H P  
A I T t  XDPSQtA 11 pA12,  A 2  1 ,A22 
A 2 3 t  A 3 1  * A 3 2 9  A 3 3  t A 3 4  t D E L F  

SLP€ , MUS RF t G 3 ,OMEGA t RE 
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P I N  04 

.. I 

DO 20 I = 1 9 9  

KT=I 
I F 6 L A M T A B 6 I I  * E Q o  0001 GO TO 30 

20 C O N T I N U E  
30 W R I T E 4 J T A P E g 9 1 1 2 )  6 t A M T A S ( € ) s I = l , K T )  

If( DELTA *NE, 0001 GO TO 80 

DO 40 I=3,50 
C N O M I N A L  CONTROL TABLES 

N T A B  = I  
I F t A N T A B X 6 I l  o t f o  A N T A B X ( 1 - 1 ) )  GO TO 50 

40 C O N T I N U E  
W R I T E d J T k P E , 9 1 1 3 )  I A N T A B X t I ) g I = f , 5 0 )  
W R I T E B J T A P E p 9 1 1 4 )  B A N T A B X ( I ) ~ I = 5 1 o 1 0 0 )  

50 WRITE6 JTAPEy 9 1  13 I 6 ANTABX I 1 9 I = 1  oNTA8 I 
GO TO 5 1  

NTAB=NT A B + 4 9  
W R I T E 6 J T A P E r 9 1 1 4 )  6 A N T A B X l I  ) p d = S l r N T A B )  

DO 60 I=3050  

I F I S N T A B X I I )  eLT. S N T A B X t I - 1 ) )  GO TO 70 

51 C O N T I N U E  

NTAB= I 

60 C O N T I N U E  
W R I T E I J T A P E o 9 1 1 5 1  ( S N T A B X ( I ) o I = l , S O )  
W R I T E ( J T A P E p 9 l . 1 6 )  ~ S M f A B X ( I ) ~ I = 5 1 , f 0 0 1  

70 U R ~ T E ~ J T A P E I ~ L I S )  ( S N T A B X ( I ) r I = l r N T A B )  
GO TO 7 1  

NTAB=NTAB+49 
W R I T E ( J T A P E 9 9 1 1 6 1  ( S N T A B X ( I ) r I = S l r N T A B )  

71 C O N T I N U E  
80 C O N T I N U E  

DO 90 X=le8 
NC= I 
I F Q C O N ( I 1  o E Q e  OeO) GO TO 100 

90 C O N T I N U E  
W R I T E 6 3 T A P E o 9 1 1 7 )  (CON( I l p I = l 9 8 )  

GO TO 109 

NCz 1: L- 1 
I F d N C  ,EQ, 0 )  GO TO 110 

109 WRITE4 JTAPEg 9118) S I T (  E 1 P I = L o N C  I 
W R I T E (  J T A P E 9 9 1 1 9 )  6 SIB6 I) t I = l g N C  1 
W R I T E ( J T A P E p 9 1 2 0 )  ( E P S ( I ) o I = l o N C )  

00 120 I = l r 3  

LOO W R I T E ~ J T A P E r 9 1 1 7 )  6 C O N ( l ) r I = l r N C )  

110 C O N T I N U E  

I S T A G E = I  

120 C O N T I N U E  
I F B E O S T ( 1 1  * E Q e  0.0) GO TO 130 

W R I T E (  JTAPE, 9121 1 I EOST d I 1 r 1x1  9 3 1 
GO TO 1 3 1  

I S T A G E q I S T A G E - 1  

13 1 W R I T  E J TAPE 9 9 1  22 ) e I STAGE 1 
W R I T Ed J TAPE o 9 123 I 
W R I l E ( J T A P E , 9 1 2 4 )  6 I T ( I ) , I = l o l S T A G E )  
W R I T E  J TAPE, 9 1 2 5  I 
DO 140 1 ~ 3 ~ 5 0  

130 W R I T E  J TAPEo 9 121 1 E O S T  6 I 9 I=1, I STAGE 1 

I F ( 1 S T A G E  o E Q .  0 )  GO TO 160 
A €  ( I I s I 

4 R EFA I I 9 I 1 9 I STAGE 1 

( D T  6 I I 8 I = l o  I STAGE ) 
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140 

150 

160 

170 
100 

190 
200 

2 10 

220 

9-n L dW 

231 

240 

250 

251 
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300 CONTINUE 
RETURN 

9100 FORMATB 1 0 7 H l  RAYTHfON THREE-DIMENSIONAL TRAJECTORY OPTIMIZATION P 
1ROGRAM Tos9 INPUT CASENO IfNO / 
z92x9 F a  o o o  ~7 1 2x 3 ~ 6  1 

9101 FORMAT4 11HO CASENU(1) F 9 0 0 9 F 2 f o l  1 
9 1 0 2  FORMATB 8HO V E L  F l2e I .0  3x9 SHGAMMA F 1 2 - 3 8  3x9 6HBETA 

lF12c.39 3x9 6HH F12eOs 3x9 6HTHEBA F 1 2 - 3 0  3x9 6HPHI 
2F12-3  1 

9103 FORMATd 8HO GS F12*2p 3 X 9  6HGMASS F l Z o Z p  3 X s  SHPAYOFF 
lF1200o  3 x 9  6HSTOP F1200s 3x9 6HSTOPW E12059 3x9 6HPRTIMT 

9104 FORMATd 8H0 N I T  F12-09 3x9 6HDPSQ €12059 3x9 6HDPINC F12-2 ,  

9 1 0 5  FORMAT6 8H0 P S E R J  F12e2~3Xgbt iPHIGE F12,2,3X96HPHIEG F12-29 

9106 FORMATR 8H0 COELM E12-5p3XobHDPSQM El2-5,3Xg6HKQC €1205 9 

9107 FORMAT6 8H0 RQR E12-593X96HNQR E12-593X96HAHL E12o59 

2F1202  1 

13x0 6HDPDEC F12-29 3 x 9  6HPSIEG F12-29  3 x 9  6HPSIGP F1202 ) 

13x9 6HPHlGP F12029 3 x 9  6HPHIRJ F12a2p 3 X I  6HMDELF F 1 2 0 2 )  

13x9 6HROC E l Z e 5 9  3x0 6HNQC €12059 3x9 6HKQR E12a5)  

13x0 6HAH2 E120Sr 3x9 6HAQDl €12059 3x9 6HAQD2 E 1 Z e S )  
9108 FORMAT6 8HO SLPE F 1 2 . l ~  3x0 SHMU E12a5, 3x9 6HRF 

1 €12059 3x0 6HJ €12-59  3x9 6HOMEGA €12059 3 x 9  6HRE 
2 E1205 1 

9109 FORMAT6 8H0 RPC €12059  3x0 6HTLIM F12a09 3x9 6HHLIM 
1 F12009 3 x 0  6HORDA F12-09 3 X p  6HHNOMA F12-49  3x0 6HEUA 
2 €1205 1 

9110 FORMAT( 8H0 €LA E l 2 - 4 e  3x9 6HHMAXA F12-29  3x9 6HHMlNA 
IF12049 3x0 6HYCA F1205,  3x9 6HORDB F12009 3x9 6HHNOMB 
2 F 1 2 0 4  

9111 FORMATd 8H0 EUB €1205. 3x9 6HELB E12a59 3 x 9  6HHMAXB 
1 F12020 3x9 6HHMIN8 F12-49 3x9 6HYCB F12-5 .  3x9  6HLAM 
2 F b 2 o 1 )  

9 1 1 2  FORMAT6 12HO LAM1611 9F1202)  
9 1 1 3  FORMATI 12HO ALPHA[ 1 1  10F1202 / 6 l l F 1 2 - 2 ) )  
9 1 1 4  FORMATd 12H ALPHA(51) l O F 1 2 - 2  / ( l l F 1 2 0 2 ) )  
9115  FORMAJd 12H0 SIGMA(1) 1OF12o2 / ( l l F 1 2 0 2 ) )  
9116  FORMAT( 12H SIGWAB511 lOF1202  / ( 1 1 F 1 2 0 2 ) )  
9117 Fi3F *Tb 12HO CONQlB 8F12-0  1 
9118  FORMAT[ 12H SET(L)I 8 E 1 2 0 5 )  
9119 FORMATB 12H S I B ( 1 )  8E12a5 1 
9120 FORMATE 12H € P S % l )  8E12e5 1 
9121 FORMABA 12H0 EOST(1) 3F12,2 1 
9 1 2 2  FORMAT( 12H A E ( 1 )  3F12o3 1 
9 1 2 3  FORHATB 12H S [ 1 )  3F12o3)  
9124 FORMATE 12H I T B 1 )  3F12o2)  
9125 FORMA?( 12H DT(1P 3 5 1 2 0 2  
9 1 2 6  FORMAT4 12HO TMT6 11 10Fl.202 / I l l F 1 2 0 2 )  1 
9127  FORMAT[ 12H TMT(511 1OF 120 1 / ( l l F 1 2 0  1) 1 
9128 FORMAT( 12H T M T ( l O 1 )  10F1212 / ( l l F 1 2 - 2 1 )  
9129 FORMA?( 8H0 MCLCD( I 2 9  2H9 10F12-2  / ( l l F 1 2 - 2 ) )  
9130  FORMAT( 8H ACLCD( I 2  9 2H) 1 0 F l 2 - 2  / 6 l l F 1 2 . 2 ) )  
9 1 3 1  FORMAT( 5 H  CL( 139 4H) 10F1204  / ( l l F 1 2 0 4 )  I 
9 1 3 2  FORMAT6 5H CD( 1 3 ~  4H) 1OF12-4  / ( l l F 1 2 a 4 ) )  
9133 FORMAT6 12HO WT( 1) 10F1202 / ( 1 1 F 1 2 - 2 ) )  
9134 FORMAT6 12H WT(511 10F1202 1 ( l l F l 2 - 2 ) )  
9 1 3 5  FORMAT6 12H WT(1Ol )  lOF1202 / ( l l F 1 2 0 2 )  1 
9 1 3 6  FORMAT4 12HO TAUt1)  LOF12e2 / ( l l F l 2 - 2 ) )  
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9137 FORflAT( 12H T A O ( S 1 )  1 O F l 2 . 2  l ( l l F 1 2 o 2 ) )  

,- 9138 FORMAT”( 1 2 H 0  PRTOPTt 1) 4 F i 2 . 0 1  
1 .  9139 FORMAKt f2HO O S T A I 1 )  F 1 2 - 6 )  

9140 FORMAT( 12H A C P H A X t l t  1 0 F 1 2 * 5 / ( 1 1 F 1 2 ~ 5 )  1 
9141 FORflAft 12H S I G H A X ( t t  1 O F l . 2 - 5  If 4 Z F l Z e 5 )  1 

END P 

P I N  07 
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S I B F T C  STE 

C PURPOSE FORHARD IRAJEGTDRY 
C T H I S  SUBROUTXNE ZOMP11TES THE FORIJARO TRAJECTORY U S I N G  THE CONTROL 
C V A R I A B L E S  TABLES INFUTED OR COMPUTED BY THE PROGRAM 
C THE OUTPUT IS h TAPE OF ALL STATE VARIABLES AT EACH I N T E G R A T I O N  
C P O I N T  
C 
C C O M M O N  F O R  A L L  P R O G R A M S  
C 

SUBROUT IN€ STATE! NF 1 

COMMON j' I N P U T  / C A S E N Q 6 2 ) s I D C 3 B g X V T e X G A M M D 9 X B E T A D g X H o X f H E T D t  
1 X P H I D o  G S p  GMASSp PAYOFF o STOP Q STOPVg HP 
2 A 2 2 o A 3 1 p A 3 2 p  A339DEL f 8 C E H I M n D P S Q M o K l o R l  9N19K2 9R2 ,N2 VAHl oAH2, 
3AHR 1 0  AtiR2p L A M  9 SLPEr  MUp R F o  G J  9OMEGA 0 RE g RPG 9 T L I  MI H L I  M t  
~ A ~ ~ ~ A ~ ~ ~ O R D A ~ H N O M A ~ E U A ~ E L A ~ H M A X A , H M I N A ~ Y C A V  
SOROB9HNOMBg EUBoELBgHMAXByHMINBoYCB 

l E P S ( 8  1 9  EOSTt 4 1  g AEd 3 1  ,REFA [ 39 g I T M  g D T t 3 )  rTMTAB(  150) ,TAUTAB( 100 ) s 
2WTABt 5 0 s  319MTABI. 1 1 9 4 I 1 A T A B 4 2 6 a 4 )  e C L T A B 6 1 5 0 e 4 )  rCOTAB(  15094) t D E L T A t  
3ATABX4 201 1 0  STAiE)X( 201 1 0  LAMTAB (99 9PRTOPT 641  s I MPUTX( 10) 

A I  1 t XOPSQg A 1  1 9  A 1  2 9 A21 s 

COMMON B I N P U T  / A N T A 8 X ( 1 0 0 ) 9 S N T A B X ( l O O )  p C O N ( 8 )  9 S I T ( 8 )  9 S I B ( 8 )  t 

COMHON P I N P U T  / HFMT6220)oOFMT(2201,1GO~340) 
REAL 
COMHON / VAR / R A D I A N ~ D l O ~ D l f ~ D 1 2 ~ D l 3 ~ D l 4 ~ D 2 O ~ D 3 O t O 3 l t D ~ ~ t  

1 ALPHDp S IGMO 9 ALPHR e S I GMR 9 C S I  GM 9 S SI GM 9 C THE 7 I STHE T t R t H 9 VHS Q t 
2VTSQp VHo VTp PEAg.RHOg SOFSgMACHg M A S S ,  THP THRvCOSI  T g S I N I T t C O S D T 9  
3s INOT 9 THRXe THRY p THRZ 9 CALPH9 SALPHtC 1 sC2 pC3 9 C 4  r C 5  t C 6  r THRR 9 THRT t 
4THRPo So X l t  X 2 t  X39 X49 XT,  X 6 9  X 7 9  X 8 9  X 9 9  RSQ oR4TH 0 SQRHOp ACELGt  TAUS 
5 1  IMEHg C k g  CDg T F I N A L Q  B56gB589PEHgRHOHeSOFSH , P E L o R H O L t  S O F S L t  
6DPERHg ORRHo DSRHp CLHM (CDHM 9CLLMpCDLM~PCLRH~PCDRWIORPRTt  610 t 
7 B 2 ~ ~ B 2 l ~ B 3 0 ~ B 3 1 p B 4 0 ~ B 4 l ~ B S O ~ B 5 l ~ B 5 2 ~ B 5 3 t 8 S 4 ~ B ~ ~ t ~ ~ ~ t ~ ~ ~ t ~ ~ ~ t  
8 B 6 2 ~ B 7 0 ~ 8 7 1 p B 8 f ~ B 8 2 0 8 9 0 9 8 9 1 p 8 9 2 p B 9 3 ~ B 1 O 0 ~ B 1 0 1 ~ B 1 0 2 ~ B 1 0 3 ~ B ~ ~ ~ t  
9R3RD9 R5Tt loVT3o  82009 8201 p V H 3 g B 2 0 2  pB204pPTRRUs P T T R U t  PTPRU 

K l a  N l o  K 2 9  N29  I T ,  MU9 LAM9 LAMTAB 

COMMON i VAR P PTRR V aP TTR V I  PTPRVpPTRRW g PTTRW g PTPRW 9 PTHRH t 
l P T X R H r P T Y R H o P T Z R H n B 3 O O ~ B 3 O l , B 3 0 2 ~ P T R R R ~ P T T R R ~ P T P R R t B 4 0 4 9  
2 B 4 0 5 9  84009 SCLCDo D T R A ~ B 4 0 1 ~ B 4 0 2 ~ B 4 0 3 ~ B 4 0 6  984079 PTRRAV PTTRA t 
3 P T P R A g  PTRRSp PTTRSQ PTPRSsE 1 vE2rE 3 g E 4 g E 5  g E 6  r C  LAL, COAL, CLAHt 
4CDAHp PCLRAo PCDRAQ 81 309  6 1 3 1  9 PTRG 9 STRG 9OTRG 9GTRG 9 SRAT 9 

5MUr  I hUD9 P H I  SD9 THETSDo B f  TAD9 GAMHADS THE TO ,PHI 0 9DYNAt ENERt  A S T t  RG 
COMMON / VAR / S F R M ~ 1 5 0 0 ~ ~ G L ~ 9 ~ 2 ~ 2 0 l ~ ~ A T A B S ~ 2 O l ~ t S T A B S ~ 2 ~ ~ ~ t  

COMMON # VAR 1 L A M P g 9 ) g V A R X ( 2 5 )  
REAL MACHoMASSpLAMP 
COMMON B ANAL / HIoHaSnSIA~8)pSIASU8)*SIE~8)tSIES(8) t C S I A 9  

l P A R T S d  1 4 ) o P A R T C ( 1 4 1 o C A D J ( b o 9 )  t F [ 6 0 6 )  a C F ( 6 9 6 )  s G ( 6 d )  o C G ( 6 t 2 )  

~ C S I A S ~ C D S I P ~ C D S X A ~ C R D S X ~ C H I A ~ C H I A S ~ C D H I A ~ C D H I P ~ C R D H I ~ D S I A ~ ~ ~ S  
2RDS I g 8 1 9 OHIA9 D H I P  oRDH1 BDP p E H I  g C E H I 9  I N T G L  
3 ISS d 8 9 8 1 
4 1 S S  1L.t 8 9  8 B, DPSQg OPSQK9 I H H K Q  ISHK6 8 )  9 I SSK(8.8 I t  
5 I SS I L K  B 8 9  8 B g DBETAK i 8 1 0  STVR S f 1 2  9 9)  p LAMBDA ( 6  9 8 9 9) 1 SFCK tF 1 K t 

9 9  9 )  9 I H H t  I S H (  8 1 t 
WT E 29 2 B 9 F h o F2 8 SI D g 8 1 g SFC t D S I  t 8 1 g D S I  Jt  DSE TA ( 8 )  t 

6F2K 

1L AHBDA 
REAL INTGLs  I H H p  I S H 9  ISSg I S S I L ,  I N T G L K t  I H H K t  ISHK,  I S S K t  I S S I  L K t  

COMMON / I V A R  I J TAPE, KTAPE p LTAPE I TN 0 I T T N s  I STAGE 9 MC t 
lNT,NRTN D NTRGg KACC gKAsKS,N I F  oNG,L (8 1 g C S  (8) 

lT IMEA-4 1 9 9 5 I e U b  1 9 9 3 ) o V b  1992)0w6 1 9 9 1 ) t R X ( 1 9 9 O )  t T H E T R ( 1 9 8 9 )  t 
2 P H I R (  198819 PA(  1987) 9PB( 1986) OPC 

EQUIVALENCE6 S F R M ( 2 0 0 0 ) r N O R A ( 2 0 0 0 )  g H N A ( 1 9 9 7 )  r N E Q A ( 1 9 9 6 )  t 

~ 3 8 5 )  O P O ( 1 9 8 4 )  ~ P E ( 1 9 8 3 )  e 

3 P F (  1982 1 p U 1 (  1981 1 9  V I (  1980) 9 Wl(1979) 9 R X 1  (1978)  r T H E T R l ( 1 9 7 7 )  e 
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C 
C 
C 

2000 
t 

C 
c 

C 

E N D  O F  C O M H O N  F O R  A L L  P R O G R A M S  

COMMON / I S T A T E  / U N I V N , W N , R X N , T H E T N I P H ~ ~ , V ~ N , C T H T ~ , S T H T N  
REAL HUR,MUD,MURtNUD 

EQUIVAL E K E (  VARXt 25 1 O L  I F T  l 2 5  1 PORAG (24) IDA (23) tDS (22 ) ) 
REAL L I F T  

REWIND L T A P E  
NF=1 NORMAL RETURN I N D I C A T O R  
NF= 1 
COMPUTE I N I T I A L  VALUES OF D I F F E R E N T I A L  EQUATIONS OF MOTION 
FORWARD TRAJECTORY T I T L E  
C A L L  
T I M E A k O e O  

OUT( lGOl l & r H F M T (  If r D F M T ( 1 ) )  

U=XVT*S IN(  XGAMMD/RADIAN 1 
V=XVT *COS { XGAHMD/RAD I A N  ) *COS ( XBE TAD/RADI  AN) 
W = X V T + C U S ( X G A # H D I R A D ~ ~ ) * S I ~ ( X 8 E T A D / R A D I A ~ )  
THETR=XIHETD/RAOIAN 
RX = XH - ( R E  - R P C l * t O S ( T H E T R ) + * 2  
PHIR=XPH f D / R A D  I AN 
PA=O 
P 0 = 0 0  
PC=Oo 
PD=Oe 
PE=O, 
PF=U, 

UN=U 
VN=,V 
WM=W 
nnii-nn 

THE TNtTWETR 
Q H I N = P H I R  
VHN=SQRT(VM**2 + WN**2) 
CTHTN=COS(THETN) 
SFHTN=S IN (  THETN 1 
NH= 1 

S A V E  - I N I T I A L  S T A T E  VARIABLES 

n v ~ a - n  v 

PT RG”O e 0 
STRG=OeO 
DTRG=OoO 
NORA=ORDA 
HNA=H&OHA 
NEQA-12 
I S T A G € =  1 
C A L L  SMARK ( 4,12 NORA WNRTN t MTRG EUA * E L A  t HMAXA HM1 NA t YCA t 

LT IMEA9PTRGo 
21 IMEA9 DTRGt 
3T IMEAV STRG, 
4 S R A f t  OIO, 
5HpAH2,  
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i 

6 T I M E A s T L I M r  
7 H p H L I M  I 

C TRIGGER 1 OUTPUT 
C TRIGGER 2 LAMCOS-00 
C TRIGGER 3 STAGING 
C TRIGGER 4 STOPPING 
C TRIGGER 5 A L T I T U D E  PENALTY 
C TRIGGER 6 T I M €  L I M I ?  
C TRIGGER 7 HEIGHT L I M I T  

C NT RN= L END OF STEP ROUTINE 
C NTRN=2 O E R I V A T I Y E  f ROUTINE 
C NT RN= 3 D E R I V A V I V E  2 ROUTINE 
C NTRN=4 TRIGGER ROUTINES 
C NTRN=5 ERROR MARK 
C 
C END OF STEP ROUTINE FORWARD 

GO TO62f00~2200~2300o24OOs8OOl~~NRTN 

2100 C A L L  SFRWD611 
SRAT=FUNCTBSTOP) - STOPV 
C A L L  TRA14  

C 
C FORWARD D E R I V A T I V E  ROUTINE 1 

2200 IF6 DELTAoNEa0oO)GO TO 2202 
C A L L  MULG(5OpNERR~TIMEAgANTABX,ALPHDfANTABX(Sl)) 
CALI. M U L G ( 5 O , N E R R s T I M E A ~ S N T A B X s S I G M D , S N T A B X ( S f ) )  
GO TO 2206 

I F (  1,GE.NIF)GO TO 2204 

ALPHO=6 ATABXd 1+1) -ATABX(  I )  ) * D + A T A B X ( I  1 
S IGMD=6 STABX6 I + l ) - S T A B X (  I) ) + D + S T A B X ( I  1 
GO TO 2206 

2204 ALPHD=ATABX(NIF9  
S IGMD=STAEX(NIF  1 

22 06 ALP HR= A L  PHD/ R A D I AN 
SIGMR=S IGMO/RAOIAN 
CS IGM=COSI: S IGMR 1 
S S  IclM=S IN6  SIGHR 1 

2300 CTHET;=COSB THETR B 
STHET=S I N (  THETR 1 
R=RX + R E  
H=R-RE+(RE- RPCl *CTHET+*2  
VHSQ = V**2+W**2 
VTSQ = VHSQ + U++2 
VH = SQRTdVHSQD 
VT = SQRTsVTSQ) 

2202 I = T I H E A / D E L T A + L o O  

D=AMOD( T IWEA,DELTA) /DELTA 

C FORWARD D E R I V A T I V E  ROUTiNE 2 

C ATNOSPHER I C  DATA 
C A L L  ATHBHeQEAB 
MACH * VTtSOFS 

C L I F T  AND DRAG C O E F F I C I E N T S  

C CHECK FOR THRUST 
C A L L  CLCOB ISTAGEpALPHRpWACHoCLotD)  

I F d E O S T b I S T A G E B  * E Q *  0 0 0 )  GO TO 2350 
C A L L  MULG6 SOoNERR9 T IMEAgTMTAB(  1)  0 T H o T M T A 8 ( 5 1 )  ,MASS,THTAB(101 I 
THR=TH + ( S L P E  - P E A I + A E ( I S T A G E )  
C O S I T  = C O S ( I T 6 I S T A G E ) / R B D I A ~ )  
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i f- 

STE 04 

S I N I T  = S I N (  I T (  I S T A G @ ) / R A O I A N )  

S I N O T  = S I N ( D T (  ESTAGE) /RADIAN)  
T HRX= THR*COS I T*CO SD T 

h THRY=THR*COSIT+SINDT 
THRZ=THR*S I N  I T 
CALPH = COS(ALPHR1 
SALPH = S I N ( A L P H R I  
CL=CALPH/VT 
C Z = S A t P H / V T  
C3=CSIGM/VT 
C 4 = S S  IGIv l tVT r 
C5=W*SS IGM/VH*M*U*C3/VH 

P. C6=V+SS IGM/VH-W*U*C3/VH 
THRR = ( U * C I  + VH*C2*CSIGM)*THRX - VH*C4*THRY 

T HRT= ( V *C I - S A L  PH*C 5 1 THRX+ ( Y* U*CQ/VH-W+CS I GIvllVH 1 *THRY 

THRP = 1 W * C l  + SAlPH*C6)+THRX + (W*CSIGM/VH W*U+C4/VH)*THRY 

i- COSDT=COSIDTt  ISTAGE ) / R A D I A N 1  

T 

l ( V H * C l * C S I G H  - U*C2)*THRZ 

1- ( V  *C2+CALPH*CS )*THRZ 

1+( CALPH*C6=-W*CZ)*THRL 

- 

c S = REFAf  XSTAGE) 

C G L I D E  STAGE 
GO TO 2352 

2350 THRR=OIO 
T HR T=O o 0 

,-'\ T HRP=O o 0 
s = G 5  
MASS = GMASS 

XZ=CD*X 1 
x3= CL +x 1 

X 5= U*X 4 / W H 
X6= SS I GM*X3*VT/VH 
X 7 = - U / R  
X8=CTWET/STHEk*W/R 
X 9 =  STHET*R*030+03 l*# 

R 4 T  H t R S  Q**2 

U l=VHGQ/R+X9*STHET-U*X2+VH* X4-HU/RSQ 

V l=V*,XI+W*X 8+CTHEl*X9-V+X2-Y* X5-W+ X 6  

W l=W+X7-V+X8-031* (U+STHET+V*CTHET) 

RX l = U  
T HETR 1=V/R 
P H I R l = W / (  R+STHET 1 

SQRHO-SQRT(RH0) 

2352 X 1= -S+RHO*S*VT/MASS 

P X 4 = C S  XGHsX3 

P 

/- RSQ=R*R 

C D E R I V A T I V E S  FOR EQUATIONS OF bilOTIOM 

l -OlO*, (  1,0-300+CTHET**2 LlRQTH+THRR/MASS 

1+DlQoCTHET+STHET/R4TH+THRT/nASS 

P 

I' 

1 - W  ~ X ~ P H * X S + V * X ~ + T H R P  /MASS 

," 

r C O E R I V A T  I V E S  FOR PENALTY FUNCTdONS 

PAl=Kl*Rl*SQRHO*( VT/  1000. ) * * N l  
/- 1+K2*R2*RHO+SQRHO*(UT/ lOOOOo)*~NZ 

ACELG=RHO*VTSP*S/6Qe4*SQRT{CL+*2+CD**2~/MASS 
CALL H U L G ( S O r # E R R ~ A C f L G ~ T A ~ T ~ B ~  L ) ~ T A U I T A U T A ~ ( ~ ~ )  1 

PCl=@,O 
/ -  P 8 1= 1 OITAU 
1 
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C HAS H EQUALED AH2 N H = l  NOS NH=2 YES 
GO TO 8 23600 2362) oNH 

2362 I F 6 H o L E o A H 2 l G O  TO 2360 
P C l = A H l * ( H / A H Z  Q l e 0 1 * * 2  

P D l = O o O  
I F  ( P A 1  OLE- AHR2 1 GO TO 2370 
P D L = A H R l * I P A l / A H R 2  - 1 o O I * * 2  

2360 CONTINUE 

2370 CONTINUE 
P E l = O - O  
P F l = O e O  

C RETURN TO MARK 
CALL  T R A l 4  

C TRIGGER RETURN 

C OUTPUT TRIGGER 
2401 PTRG=PTRG+HP 

2400 GO TO4 24019 2451 9 250 1 0  2401 9 2651 9 2701 9 2751 1 rNTRG 

MUD-0.0 
NUD=O 00 
P H ISD=O o 0 
THETSD=OoO 
I F 6 T I M E A  oEQo O e O )  GO TO 2403 
SPMPN=SIN(PHIR-PHJN)  
CPHPN=COS6 PHIR-PHLN 1 
C N S M = ( S T H E T * ( V N * C T H T N * ~ P M ~ ~  + WN+SPMPN) - 
CNCM=CTHTN*CTHET + STHTN* STHET*CPMPN 
MURzATAN2b CNSMoCNCM 1 
SINMU=SIN(MUR)  
S I N N U 4  WM*STHTN*CTHET - STHET* (WN*CTHTN* 

lVN*STHTN*CTHET 1 /VHN 

lCPMPN - VN*SPMPN 1 1 /VHN 
NUR=ATAN2b S INMU*S 1NMUo.CNSM 1 

PHIS=ATAN2(  TANMU9 S INMU)  
THETS=ATAN2( SQRTl  S INNU**2  + COS(NUR)**2*SINMU**2)  sCOS(NUR) 

TANNU=S INNU*SINMU/CNSM 

l * C O S t N U R I )  
MUD=HUR*RADIAN 
NUD NUReRADIAN 
PHISD=PMIS*RAOIAN 
THETSD=THETS*RAD I AN 

2403 BEBAD=ATAN2gHgV)*RADIAN 
GAMMAD=ATAN2(Uo WH)*RADIAN 
T HETD=T HETRQRADIAN 
P H I O= P H I R* RAD I AN 
DY PIA= o 5 *RHO*YT** 2 
ENER=MASS*[VT**2 /2-0  - MU/R (1.0 - 3 - 0 * C T H E T * * 2 ) / 3 . 0  

1*6RFPR)**3*MU*GJ/RF 1 
L l F T =  05+RHO+VTSQ*S*CL 
DRAG=05*RHO*VTSQ*S+C0 
OA=O.O 
DS=OoO 
I F I D E L T A  O E Q e  O o O )  GO TO 2404 
I = T I H E A / D E l T A  + 1.0 

D=AMOD( T IMEA,DELTA) /DELTA 
I F 6 1  -GE. N I F )  GO TO 2404 

OA=6(ATABS6 I+1) - A T A B S ( I ) ) * D  + A T A B S ( I ) ) + R A D I A N  - ALPHO 
DS=((STABS6 I+l) - S T A B S ( I l ) * D  + S T A B S ( I ) ) + R A D I A N  - SfGHD 
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2404 COMT I M U E  
C A L L  EMARKIAST,RG) 
C A L L  OUT( LGO( 86 1 s t iF#TI 41 I , OFMT (41 1 1 

c NTRG=4 STOPPING CONOITIOES REACHED 
I F t N T R G  - f Q m  4)  GO TO 2601 
CALL T R A 1 4  

C 
C L A M A S - 0 0  TRIGGER 
C 

2451 I F t L A H P I l )  -NE, O m 0  -AND- ITM m M E m  0 ,AND0 NC o N E o  01 GO TO 2453 
2452 C A L L  OFF(2 )  

C A L L  T R A l 4  

KIT= 1 

C A L L  T R A 1 4  

2453 I F t S I M E A  -NE- 0 . 0 )  GO TO 2459 

245% D T R G = T F I M A L * C A M P # K T )  

C COMPUTE I N T E G R A L S  FROM T I M E A  TO TFf lYAL 
2469 DO 2460 I = l r 9  

DO 2460 J z l . 9  
2460 INTGLd XrJ ) = O m 0  

DPSQK-Om0 
K N = T € # E A / D E L T A + l m  1 
DO 2462 I = K N t P I I F  
T I H E = F L O A T (  I - l I * D E L T A  
C A L L  
S C = l m O  
I F f  ImEQmKNmORIImEQmNIFtGO TO 2461 
S C = 4 - 0  

MULGt SOrMERRITIM€r.#TAB,WT( 1 s 1) WTAB t 1 121 9 WT(2.2 1 r W T A B ( 1 t 3  

IF (M00t  1,2)mNEmO)SC=2-0 
2461 CONTIHYU€ 

DO 2463 J = l , N T  
00 2463 K = l , J  
DO 2463 M=1,2 

2463 f NTGL ( J ,K )=SC*GL ( zlrM 1 I ) /WT( I 4 . M  )*GL ( K t H r I  1 + I N T G L i  JT K) 
2462 DPSQK~SC~((ATABXII)/RADIAN-AfABSo),+2/UT(lrl) 

l + ( S T A B X ( I ) / R A O I A N  - S T A B S ( I ) 1 * * 2 / W T ( Z r 2 ) )  + DPSOK 
DO 2464 J - l r N T  
DO 24.64 K z 1 . J  
1 N T G L l J . X  ~ = ~ N T G L ( ~ , ~ I ~ ~ E L T A / 3 . 0  

2464 I N T G L I K W J  ) = I N T G L ( * J r X )  
DPSQK=DPSQK*DELTA/3oO 
I H H K = I N P G L (  1 s  1). 
DO 2466 I = l t 8  

2466 I S H K ( + I  ) = I M T G L (  I + l p l )  

DO 2458 I = l r 8  
DO 2468 J = l r 8  

C A L L  M I N V L t  lSSKt 1 S S I L K . L )  
DO 2472 Is118 

1F INCoEQmO)GO TO 2474 
00 2473 I = l S N C  
DO 2473 Jz1.6 

00 2471 P=l,NC 
00 2471 J = l t 6  

2468 ISiS1(( . IrJ)=IFiTGL(I+lrJ+l )  

2472 D B E T A K t  I)=O,O 

2473 D B E T A K I Z I = D B E P A K ( I )  - L A H B D A ( J t I r K T ) * ( S T V R ( J )  -STVRS(JvKT)I 

2471 D S E T A K ( I I = D B E T A K ( I )  - C A D J ( J I I + L ) * ( S T V R ( J + ~ )  - S T V R S ( J r K T ) )  
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DO 2475 I = l s N C  
2475 D B E T A K f f f = D S I g I )  - 0 B E T A K b I )  
2474 CONTINUE 

T ENP= Tba AMC d DBE TAK 9 I S SI LK 9 D 8 E  TAK 9 L 1 
FlK=DPSQK-TEMP 

I F ~ F I K o G T o O o O ) G O  TO 2478 

SFCK=SQRT( DPSQK/?EMP 1 

SFCK= 1 o O  

F l K = O  -0 

247% CONTINUE 
DO 2476 1 ~ 1 0 8  

2476 DBETAKd I )=SFCK*DBETAK( I f 
FZK=SQRT( f l K / I  IHHK-TMAMLl  I SHK 9 I S S I  LK, I SHKpL f 
K N = K N + l  
DO 2480 I = K N # N I F  
T I H E = F L U A T (  1-1 )*,DELTA 
C A L L  
ATABX d I I=A#wFZK/WTU 1 I I-TMAML ( G L  ( 2  9 1 9 I 1 9 I SSI L K  t ISHKI  L I 

STABX 6 I 8=AM*F2K/HT 6 2 9 2 )*  ( GL ( 1 9  29 I )-TMA#L ( G L  ( 2  92 9 I ) 9 I SS I L K  9 I S H K  9 L I 

MULG( SO,NERR,TIME* WTA8pWT( 1 9 1 1 ,  WTAB ( 102 )  r W T ( 2  92 1 9WTAB(  1 9 3 )  1 
1 1 * 6 GL ( 1 , ~  1 

l + T # A H L  

l + T H A M L ( G L 1 2 9 2 9  I)~ISSILK~DBETAK9L)/WT(292) + S T A B S ( 1 )  

GL(  29 1 9  I 19 ISSILK ,DBETAKs  L 1 / U T (  1 9  1 )+ATABS (I I 

ATA8X6 I B=ATABX6 I ) * R A D I A N  
2480 STsABXI I )=STABX( I ) * R A D I A N  

K T = K T + l  
I F 6 K T  oEQe 10) GO TO 2452 

GO 10 2454 
I F ( L A H P ( K T 1  o E Q e  0 0 0 )  GO TO 2452 

C BOOST TRIGGER 
2501 I F d T f M E A  oNEo 000) GO TO 2 5 0 2  

IF6 EOST(1STAGE)  *NE. 0-0) GO TO 2503 
C A L L  O F F ( 3 )  
CALL  T R A l 4  

2503 STRG=EOSTi I S T A G E )  
CALL  T R A 1 4  

2502 I S T A G E = I S T A G E + l  

CALL  O F F b 3 )  
CALL  T R A 2 4  

2504 STRG=EOST( I S T A G E )  
CALL  TRA24  

C 
C STOPP ING TRIGGER 

C ADDIls-IOMAL OUTPUT AT END OF FORWARD TRAJECTORY 

IF E O S T ( I S T A G E 9  ONE* O o O l  GO TO 2504 

2601 C A L L  SFRWD62) 

CALL  OUT4 I G 0 ~ 1 7 l l ~ H F M T 6 1 4 l ~ ~ D 6 M T ( 1 4 1 ) )  
GO TOd 26029 2603 I9 -NH 

2602 T IMEH=T IMEA 
2603 RETURN 

2 6 5 1  NH-2 
C PENALTY FUNCTON C TRIGGER 

T IMEH=T IMEA 
CALL  OFF(5) 
C A L L  T R A 1 4  

C T I M E  L I M I T  TRIGGER 
2701 WRITE4 J T A P E e 9 0 0 5 )  
90'05 FORMAT( 1 6 H  T I M E  L I M I T  1 

C Nf=2 ERROR RETURN I N D I C A T O R  
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NF=2 
RETURN 

2751 W R I  TE4 JJTAPE s 9006 1 
9096 FORMAT (18H HEIGHT L I H l T  1 

MF=2 
RETURN 

800 1 W RI TE4 J TAPE s 9010 1 
9010 FORMAT1 11H ERROR MARK 1 

NF=2 
RETURN 
E N 0  
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S I B F T C  AD1 

C PURPOSE A D J O I N T  TRAJECTORY 
SUBROUT I N €  ADJNTg NF 1 

c 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 

ADT 01 

?HIS SUBROUTINE C O M P U T E S  THE ADJOINT TRAJECTORY OF THE FORWARD 

THE I N P U T  TO T H I S  SUBROUTINE I S  THE TAPE CONSTRUCTED DURING T H E  
FORWARD TRAJECTORY 
THE OUTPUT FROM T H I S  SUBROUTINE I S  A TABLE OF INFLUENCE FUNCTIONS 
G L l I p J o K )  WHERE I I S  THE INDEX FOR THE PAYOFF F U N C T I O N  AND 
CONSTRAINTST J IS THE I N D E X  FOR THE 2 CONTROL V A R I A B L E S 1  ALPHA AND 
SIGMAS AN0 K IS THE INDEX FOR THE 200 EQUALLY SPACE0 P O I N T S  ALONG 
THE TRAJECTORY 
T H I S  SUBROUTINE ALSO COMPUTES THE INTEGRALS OF THE INFLUENCE 
FUNCTIONS 

TRAJECTORY PREVIOUSLY RUN 

C O M M O N  F O R  A L L  P R O G R A M S  

COMMON / I N P U T  / C A S E N O ( ~ ) ~ I D ( ~ ) ~ X V T ~ X G A M H D ~ X B E T A D T X H T X T H E T D S  
1 X  PH I D 9  GS9 GMASSo PAYOFFS STOP 9 STOPVvHP 9 A I  T 9 XDPSQt A 1 1  t A 1 2  9 A 2 1  v 
2A22, A 3 1  9 A329 A339 D E L F  t C E H I H g  DPSQM t K 1  t R 1  9 N 1  t K 2  r R 2  t N2 t AH1 t AH2 9 

3AHR 1 9  AHR2, LAM 0 SLPEp MUpRF, 63 *OMEGA *RE ,RPC 9 T L I  M t  H L I  M t  
4 A 2 3 9  A 3 4 9 0 R D A t  HNOMA, E U A t  E L A t H M A X A t H M I N A  rYCA t 
50RD6, HNOMB9 EUB 0 ELBp HMAXB t HM I N 8  9 YCB 

1 E P S i  8 1 9  EOST( 4) p,AE( 3 1 ,REFA (3) 9 I T  (3 1 TOT (3) t T M T A B (  150)  t TAlJTAB(1OO) * 
2WTAB4 500 3 )  tMTA&(  l i r . 4 ) r A T A B t  2 6 ~ 4 )  t C L T A B  (150 t4 )  t C D T A B (  150 t 4 )  ( D E L T A t  
3ATABX.(201)  g STABX(  201 1 9  LAMTAB ( 9 1 ,  PRTOPT (4) 9 I NPUTX ( 10) 

COMMON / I N P U T  / ANTABX( 100) , SNTABX( 100) ,CON( 8 1 9 S I T  ( 8  1 9 SI B ( 8  ) t 

COMMON f INPUT / HFMT(220)~DFMT(220),IGO(340) 
REAL 
COMMON / VAR / R A D I A N ~ D 1 O ~ D l l , D 1 2 ~ D 1 3 ~ 0 1 4 ~ D 2 O t D 3 O t D 3 1 t ~ ~ ~ t  

lALPHDp S IGMD, AL PHR t S IGMR t C  SIGM, S S I G N t C  THE T TSTHET t ReH t VHSQ t 
2VTSQ9 U H s V T t  PEA&HHOp SOFSIMACH~MASS~ T H t  T H R t C O S I T , S I N I T  tCOSDT t 
3s I N O T r  THRXt THRY 
4THRPg S t  X l i X 2 t  X 3 ,  X49 X59 X 6 t  X 7 ,  X 8 t  X 9 t R S Q t R 4 T H t  SQRHOt ACELGt  T A U T  
5 1  IHEHp CL 9 CD, TF INAL p 6569 B589PEH,  RHOH 9 SOF SH ,PEL r RHOL tSOFSL9  
6DPERHp DRRHq DSRHtCLHH~CDHM~tLLMtCDLW,PCLRNIPCLRM,PCDRM,ORPRT~ B1O t 
782098219 8 3 0 t B 3 l p B 4 0 ~ B 4 l , B 5 0 ~ 8 5 1  9852tB53 , 8 5 4 ~ 8 5 5  tB571B40 t B 6 1  t 
8 6 6 2 ~ B 7 0 ~ 6 7 l g B 8 1 ~ B 8 2 ~ B 9 O ~ B 9 l ~ B 9 2 ~ B 9 3 ~ B l O O ~ B l O l ~ B l O ~ t 6 L O ~ t ~ ~ ~ ~ t  
9R3RCt  R5THoVT3p B Z O O 9 ~ B 2 0 1 ~  V H 3 p B 2 0 2 9 6 2 0 4 ~ P T R R U ,  P T T R U t  PTPRU 

K 10 NloK2,N29 I T  oMUp L A M S  LAHTAB 

T H R Z I  C A L P H t  S A L P H t C l  t C 2  9C3 t C 4 t C 5  t C 6  tTHRR t THRT t 

COMMON / VAR / P TRRV9 PTTRVg P T P R V t  PTRRW, PTTRW, PTPRW t PTHRH t 
l P T X R H p P T Y R H p P T Z R H , B 3 O O g B 3 0 1 ~ ~ 3 0 2 ~ P T R R R ~ P T T R R t P T P R R t B 4 O 4 t  
284059 84001 SCLCDt OTRAt  8401 r B 4 0 2  g 8403 t B 4 0 6 t B 4 0 7  * PTRRAt  PTTRAI 
3PTPRAp P T R R S t P T T R S p P T P R S t E l ~ E 2 t E 3 r E 4 , E S t E 5 t E 6 , C L A L ~ C D A L , C L A H ,  
4CDAH~SCLRA~PCDRA,B13O~BL3l~PTRG,STRG~DTRG~GTRGtSRATt 
5MUDp NUDo PHISD, THETSDtBETA0,GAMMAD I T H E T O  * P H I  D t  D Y N A t  ENERt  AST t RG 

COMMON / VAR / S F R M ~ 1 5 0 0 ~ ~ G L ~ 9 ~ 2 ~ 2 0 l ~ ~ A T A 8 S o r S T A B S ~ ~ ~ ~ ~ t  
~ P A R T S ( ~ ~ ) , P A R T C ~ ~ ~ ) ~ C A D J ( ~ ~ ~ ) , F ( ~ ~ ~ ) ~ C F ( ~ , ~ ) ~ G ( ~ ~ ~ ) T C G ( ~ ~ ~ )  

COMMON / VAR / L A M P 6 9 ) 9 V A R X ( 2 5 )  
REAL MACH, MASS9 LAMP 
COMMON / ANAL / H I c H I S p S I A ( 8 ) t S I A S ( 8 )  , S I E ( 8 )  t S I E S ( 8 )  t C S I A t  
l C S I A S ~ C D S I P ~ C D S I A g C R D S I , C H I A ~ C H I A S ~ C D H I A ~ C D H I P , C R D H I t ~ ~ ~ ~ ~ ~ ~ t  
2RDS I ( 9 1 p DHIA,  D H I P  9 R D H I  9DP t E H I  g C E t l I  9 I N T G L  (9.9) 
3 I S S (  $4 8 ) 9 W T (  2 , 2 ) o t F l g F 2 ,  S I O (  8 )  9 S F C 9 D S I  ( 8 )  , O S 1  J,DBETA( 8 )  t 
4 f S S I L ~ 8 t 8 ~ t O ~ S Q t D P S Q K t I H H ~ ~ I S H K ( 8 ) ~ I S S K ~ 8 t 8 ~ ~  
S I S S  I L K (  89 8 )  9 DBETAKd 8 )  t STVRS(  129 9 )  t LAMBDA ( 6  t 8 . 9 )  t SFCK t F L K t  

I H H  t I S H ( 8  t 

6 F 2 K  
REAL INTGL P I H H t + I  SH,.I SS, I S S I L  9 I N T G L K I  IHHK, I S H K t  I SSKt I S S I  L K  t 
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C ADJ - NON ZERO D E R I Y A T I V E S  
C CADJ - ZERO D E R I V A T I V E S  

ADJd I o  12-PARTCt I)-PARTCC14)/PARTStl4)~P~RTStI) 
C A D J ( I t l 1  = P A R T C ( I + 6 1  PARTC(f4)tPARTStl4f+PARTS(I+6) 

6050 CONTINUE 
1FINCoEQoO)GO TO 6060 
00 6056 J = l r N C  
CALL  PARTAL I CONf J 1 %  PARTC 1 
DO 6056 I = l s S  

CADJ d 1 9  J+1 )=PARTC ( I +6)-PARTC 
ADJ( I Q J + l ) = P A R T C (  I)-PARTC~l4)/PARTS(l4~*PARTS~I 1 

6056 
6060 CONTINUE 

14) /PARTS ( 141 *PARTS ( I +6 

C SET UP FOR SUBROUTINE SMARK 
NORB=ORDB 
HN B= HNOHB 
NEQB=54 

NEQBA=NT*6 
T IMEB=O-O 

GTR G=O o 0 
STRG=OoO 
DTRG=O o 0 
C A L L  SMARK ( 4 9  NEQBAo NORB pNR TN 9 NTRG 9 E UB 9 E LB 9HMAXB ,HHI NB, YCB 9 

l T  iE9EB9 GTRGp 
2T I M E B t  STRG9 
3 T  I M E B  I OTRG ) 

C TRIGGER 1 INFLUENCE FUNCTION 
c TRIGGER 2 STAGING 
C TRiGGER 3 LAMCOS-00 

c NT RN= 1 END OF STEP ROUTINE 
C NTRN=2 O E R I V A T I V E  1 ROUTINE 
C NTRN=3 O E R I V A T I V E  2 ROUTINE 
C NTRN=4 TRIGGER ROUP.INES 
C NTRN=S ERROR MARK 
C END OF STEP ROUTINE 

GO TO4 65009 6600~6?00,’6800, 8001 1 sNRTN 

6500 CALL  €HARK( ASToRG 1 
CALL f R A 1 4  

C 
C ADJOINT O E R I V A T I V E  ROUTINE 1 

6600 T I M E A = T F I N A L - T I M E 8  
I F d T i H E B  oNEo 0 0 0 )  GO TO 6604 
GO TO 6603 

C F I R S T  TO L A S T  
6601 DO 6602 1=1,13 
6602 
6603 BACKSPACE L T A P E  

STRAJ t 20r I )=STRAJ fi 1, I )  

c READ L T A P E  TO GET TABCES FROM FORWARD TRAJECTORY 
R E A D ( t T A P E ) N I ( ( S T R A J ~ I ~ ~ ) , 3 = l p 1 3 )  
BACKSPACE L T A P E  
I F 6 N  o L T J  2) GO TO 6601 

6604 I F ( T 1 H E A  - L T o  0 - 0 )  TIMEA=OoO 
C INTERPOLATE TO GET STATE V A R I A B L E S  

CALL  M U L G ( ~ ~ ~ N E R R , T I M E A I S T R A J ( ~ , ~ ) , U , S T R A J ( ~ ~ ~ ) , V , S T R A J ( ~ ~ ~ ) ~  
LWgSTRAJC1,4),RX9 S T R A J O l r 5 )  r T H E T R t S T R A J ( 1 , 6 )  t P H I R * S T R A J (  1 9 7 ) s  
2PAgSFRAJ(  1 9  8 )  ,.PBt S T R A J I  l r 9 )  ,PC dSTRAJ( L 1 1 0 )  , Q D t S T R A J (  1,11) ,PES 
3 S T R A J ( l r l 2 ) r P F ~ S T R A J ( 3 , 9 1 3 ) )  

C NERR=1 T I M E A  W I T H I N  TABLE, NERR=2 OFF LOW ENDS NERR=3 OFF H I G H  END 
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i- 

GO TO 4 660fit66Olt 6605 1 r HERR 
6605 CONTINUE 

C GET ALPHA APSO SIGMA FROM I N P U T  TABLES 
I F (  OECTAoNEo0,OIGO TO 6020 
C A L L  MULG( 5O*NERRtTIHEA~ANTABXrALPHDqANTABX(S1) 
C A L L  MULG( SO, NERR, T l M E A r  SNTASX, SIGMO r SNTABXt51) 1 
GO 18 6040 

C GET ALPHA AND SIGHA FROM COHPUTED TABLES 
6020 I = T  INEA/DELTA+ZoO 

I F (  I eGEe N I F  I GO TO 6030 
W A M O f f t  T IMEA, DELTA 1 /DELTA 
A L P H D z I  ATABlC( I + l ) - A T A B X {  I I I+O+ATABX( I 1 
SIGMD=tSTABX(  I + l I - S T A B X ( I  I ) + D + S T A B X ( I )  
GO TO 6040 

6030 A L P H D = A T A B X l N I F l  
S I GflD=ST ABX f N IF 1 

6040 ALP HR"-ALPHO/RAOI AN 
SIGMR=SLG)JD/RAO?AN 
R=RX + RE 
H=R-W+(  RE--RPC)*CTH€T**2 
856 = V * * 2  + b3**2 
858 = B56 + U+*2 
VH = S Q R T ( B 5 6 )  
Vdf = S Q R T 4 8 5 8 1  

C A I M  ATMOSPHERE SUBROUTINE 
C A L L  AT#(  HI PEA 1 
C A L L  ATM ( H+500.~ P EH 1 
C A L L  ATMtH-SOOo,PGL) 

C P A R T I A L  OF PRESSUREtDENSITYIAMD SP%ED OF SOUNO RESPECT TO HEIGHT 
D P E R H = ( P E H - P E C ) 1 € 0 0 0 ~  
DRRH=d RHUX-RHOL f f l 0 0 0 -  
DSRli=,i SOFSi-SOFSL 1 1  1000- 
ta AC H=VT /XI F S 

C CALCULATE Ct AND CD 

C P A R T I A L S  OF CL ANR CD RESPECT TO MACH 
CALL 

C A L L  C L C O I I S T A G E t A L P H R t M A C ~ o ~ 5 t C L H M r C D H ~ )  
C A L L  t L C O (  I S T A G E t  ALPHRr b lACH-oOSrCLL#*CDLH) 
P C L R f l = l C L H H - C L L # I / o l  
PCDRH=( COHM-CDLH 1 / o  1 

CLCDf fSTAGE~*ALPHRiMACH,Ck r CD 1 

CTHET = COStTHETR)  
STMET = SINtTHETR) 

C U f R l V A T L V E  OF RP RESPECT TO THETR 
DRPRT=2 ( RE-RPC 1 *C THET* STHEf 
CSIGM = COS(S1GMR) 
SSIGM = S I N t S I G H R )  

c CHECK FOR THRLlST 
I F (  E O S T f I S T A G E )  oEQ- 000 I GO TO 6650 
S=REFA( SSTAGE 1 

C If THRUST GET MIRUST AND MASS 
C A L L  HULG( 5 0 9 N E R R i  TIMEA,TMTAB ( 1 1 9 T H p T M T A B ( 5 1 I  rHASS,THTAB( 101 I 1 
GO TO 6651 

HAS S=GM ASS 
6650 S=GS 

6651 CONTINUE 
c COMMON TERMS 

43 1 0 = R H 0 / 2  .,O*S/MASS 
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B20=CD+YT 
821=CC*VT 
B30={ CD+MACH+PGDRR 1 /WT 
831=(Ct+MACH*PCtRBl )  / V T  
B40=CSICH/VH 
B 4 1 = S S I G M / V H  
B50=U**2  
€35 l = V * *  2 
852=W**2 
B53=U+V 
B54=iJ*U 
B55=V*W 
857=853*W 
B60=U/R 
B61=V/R  
B62=W/R 

97 1=2 O*CL +MACH+PCLRM 
88 1=031+CTHET 
B82=D31*STHET 
890=( CTHET/STHET) /R 
891=CTHET+STHET 
B92=CTHET**2  
893=SXHET**  2 
B l.OO=RHO*HACH/ SOb:S+DSRH 
810 l=CO+DRRH-B100+PCORM 
B102=CL+ORRH-B100*PCLRH 
B103=6/ 6 Z.O*,MASS) 
B 10 4=03 O* S T HE T 
RSQ = R*R 
R3RD = R S W R  
R 4 T H  = R*R3RD 
R 5 T H  = R+R4TH 

870=2-O*CO+MACH*PCQRM 

C 
IF( EDST( ISTAGE).EQoOoO)GO TO 6101 
THR=TH + ( S L P E  - P E A ) * A E ( I S T A G E )  
COSIT=COSI IT( I S T A G E ) / R A O I A N )  
S I N i T = S I N (  I T (  I S T A G E ) / R A D I A N )  
COS DT=COS( DT ( f STAGE 1 /RAD1 AN 1 
S I N D T = S I N ( D T (  f S T A G E ) / R A D I A N )  
THRX=THR*COS IT*COSDT 
THRY=THR*COSIT*SINDT 
THRZ=THR*S I N O T  
CALPH=CUSI ALPMR) 
SALPH=S I N (  ALPHR) 
V T 3=858+VT 
8200=(THRX*CALPH-FHRZ*SALPti)/WT3 
820 l=$ THRX+CS I G M * ~ A L P H - T H R Y * S 6 I G n +  THRZ*CSICM+CALPH) t V T 3  
VH3=B56+VH 
8202=1 THRX*SSIGM*SALPH+THRY*C6IGM+THRZ*SSIGM+CALPH 1 /VH3 
B 2 0 4 = B 5 6 + 8 5 8  
PTRRU'=B56*B200-U*VH*8201 
PTTRU"-B53*B200-V*VH+B201 
PTPRU=-854*820O-W*VH*8201 

f PTRRV~-B53+B200*B53+UIVH*B201  
PTT RV-J 650+852 I +B 2OO+B 5 5+ 8 202-U.. ( B 5 6 + B  5 8-05 1 *e204 /VH3 *e20 1 
PT PRV=-B55* 8200+8 52 *62 02+B 5?*B 2 04 / VH3*62  01 

r! 

n 

A 
\ I  

P '. , 

P 
\ 

,- 

f' 

r 

r 
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PTRRW~-854*8200+B50+W/VH*B201 
PTTRW~-B55*8200-851*8202+857+8204/VH3~B201 
PTPRW = ( 850+B51~*8200-B55*B202-U+ (856*858-852+8204) /VH3+62OL 
PTHRH=-AE( I S T A C E  f*DPERH 

r- PTXRH=PTttRH*COS I T*CO SDT 
PTYRH=PTHRH*COSfT*S INDi  
P fZRH=PTNRH*SIMDT 
3 3 0 0 4  PIXRH*CALPH-PTZRH* S A t P H  1 /UT 
830 1= P?XRH*CS IG#*SALPH-P TYRH*SSIGM+PTZRH*CSI GN*CALPH f VT 
B302=(PTXRH*SSIGn*SALP~+PTYRH+CSIGn+QTZR~*SSIGM*CALPH)/VH 
PTRRR=U+830O+VH+8301 
PTTRR = V * B 3 0 0  - W*B302 - B 5 3 / V H * B 3 0 1  
PTffRR = W*E300 + Wf*B302 - 8 5 4 J V H * 8 3 0 1  

f' 

' -\ 

,'- > 

f'. 6101 CONTINUE 
! C COMPUTE M A T R I X  F - SEE EQUIVALENCES 

PFURU=E lo* 4 CS IGM*VH+U*831-62O- ( 8 50*B30) 1 
PFVRV=-861-B iO+(  6 5 3 + 8 3 0 + & 4 0 * V *  (821+850+63I I +  

PFWRl.&-362-B82-BlO+( 6 5 W B 3 0 + 8 4 O * W *  fB21+  
1841*854*8711 r- 

,-. 1850*831)-84~*053*07l f 
P F R R W  f 00 
PFTRU = 0 - 0  

-\ PFPRU = 0 , O  
PFURV=2,0*B61+810*~B401Y+fB21+B56*B3lf -B53*B30~ 
PFVRV~-860-B10*~B2#*4351*B30*84O*U*~B52/B56*B21+ 

PFWRV=-M*B90-881-Bi0*~4B55*B30*B40QB5?* (831- 
1 3 5 1 * 8 3 l  1+841*655*(87l-B21/B56*VT) 1 

1821/856 I-B41*t & 5 2 / B 5 6 * B 2 1 ~ V T + 8 5 1 + 8 7 1 )  f 

,- 

? PFRRV = 0 , O  

PFPRV = 0 , O  
P F T R V = l - O / R  

r'. PFURW~20U+862+~82+BlOICB40+W+(B21+856+B3~~-B54*B3Of  
P FV RWs2 O*W*B9O+B8 1-8 LO* I B 55*8 30+B40*8 57* 83 L -821 / 856 1 

PFW RW=-360-V*B90-810*( 820+852*830+B4O+U*  (B5il*B2 € /856+ 

PfRRW = 0.0 
PFTRW = 0-0 
PFPRWkl .O/ (R*SPHET)  
P F U R H ~ 8 E 0 3 * ~ - U ~ V T * B I O l + C S ~ ~ ~ * ~ ~ ~ ~ 1 * 8 1 0 2 ~  
PFVRH=-Bf03*  ( V+VT+B l O L + B l O 2 +  ( 8 4 0 * B 5 3 * V T + B 4 1  *W*B58 f I 
P F W R H ~ - B 1 0 3 * ~ W * W T * B € O l + B l ~ 2 ~ ~ 8 4 O ~ B 5 4 * V T - B 4 l * V * B 5 8 f ~  
PFURR*-856/RSQ + B 1 0 4 * S T H E T  + PFURH +D20/R3RD 

i+841*~851/056+321*VT+B52~B71f  d 
,... 

, \  

1 8 5 ~ * B 3 1 ~ - 8 4 1 ~ B 5 5 * ~ 8 7 1 - B 2 l / B 5 6 + V T ~  

I -  -1 

/I- -\ 

f-. l + Z f l l * (  1-0 - 3 .O*B92 1 /RSTH 
\ PFVRR"B53IRSQ - W*862+B90 + BX04*CTHET * PFVRH - 0 1 2 / R S f H * 8 9 1  

PFWRR*B60*B62 + B 6 l * W * B 9 0  + PFWRH 
PFRRR = 0.0 r \  
PFT RRk-VIRSQ 
PFPRR*-M/( RSQ*STHET 1 
PFURT=032+R*B91+W*B81-0 13 /R4TH*B91-PF URH*DRPRT 
PFVRT=-4 B 5 2 / R  f /B93+R*D30*  ( 8 9 2 - B 9 3 ) - B 8 2 + W + D 1 4 / R 4 T ~ * ( 8 9 3 )  

PFWRT=Bb l *W/B93  - B81+U + B82*V  - PFWRH*DRPRT 

i ' 
1-PFVRH*DRPRT 

f- 

PFRRT' = OeO 
PFTRT = 0.0 

r: PFURP = 000 
PFPRT=-W+B90/STHEF 
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PFVRP = 0.0 
PFWRP = OeO 
PFRRP = 0-0 
PFTRP = 0-0 
PFPRP = 0.0 

C COHPWTE CF M A T R I X  
SQRHO=SQRT6 RHO 

B405=4  V T /  10000 )**Pi2 
8 4 0 4 ~  f V T / 1000 o **&I 

B4OO~Kl~Rl+SQRHO~N1*B4O4/~lOOO~*358~ 
1 + K Z * R 2 * S Q R H O * R H O * N Z + B 4 f f 5 ~ ( ~ ~ 0 0 0 * * 8 5 8 1  

PFARR=KI*Rl*05/SQRliO*13RRH*8404 
P F ARU= B 4 0 0 + U  
P FARW=B 400*V 
P FARW=8400*W 
PFARR=K l * R  1*.5/SQRHO*DRRH*8404 + K 2 * R 2 * 1  5*SQRHO*DRRH*B405 
PFART=-PFARR*DRPRT 

SCLCD=SQRT( CL**2+CO**2 1 
P FA RP=U o 0 

ACELG=RH0+858/64m 4*S/MASS*SCLCD 
C A L L  # U L G ( 5 0 ~ N E R R ~ A C E L G ~ T A U T A B ( l ) ~ T A U ~ T A U T A B ( 5 1 )  I 
C A L L  
C A L L  # U L G ( 5 0 ~ N E R R , A C E L G + o 1 , T A U T A B ( l ~ ~ H I G ~ ~ T A U ~ A 8 ( 5 1 ) ~  

MULGI 50,NERRsACELG-e 1, TAOTAS ( 1 1  * L O W *  T A U T A B ( 5 1 )  I 

C DTRA-DERIVATXVE OF TAU WITH RESPECT TO ACELG 
DT R A=i[ H XGH-LOW 1 / e 2 
840 l=ACELG*DTRA/TAU**2  
8402= 2 O+MACH/ ( CL *+ 2+CD** 2 I (CD*PCORH+CL* PCLRH) 
8 4 0 3 = ~ 6 4 0 1 / 8 5 8 * 8 4 0 2  
P F  BRU=B403*U 
P FBRV=B 4 0 3 ~  
PFBRW=8403*W 
P FBRRz- 840 1 /RHO* ( ORR H - RHO*MAC H /  SOF S*,DSRH/ 

PFBRTk-PFBRR+DRPRT 
16CD**2  + CL+*2)*(CD*PCDRM + CL*PCLRM) I 

PFBRPzOoO 
PFCRU=OoO 
P FCRV=O m 0 
P F t  r,W =o 0 0 
PFCRR=OoO 
PFCRT=OoO 
PFCRP=OoO 
IF6TIMEA OLE. TIMEHIGO TO 6 2 8 0  
IFBHeLTeAH2)GO TO 6280 
PFCRR=2aO+AHl/AH2*(H/AH2 - 1-01 

I 

P FCRT=-PFCRR*DRPRT 

B406=Kb+Rl*SQRH0*B404+K2*R2*SQRHO*RH0*8405 
IFd6406 ,LTo AHR2)GO TO 6291 

P FDRU=8407*PFARU 
PFORV=8407*PFARV 
PFDRW=B407*PFARW 
PFDRR=B407*PFARR 
PFDRThB407+PFART 
P FDRP=8407*PFARP 
GO TO 6292 

6280 CONTINUE 

B 4 0 7 = 2 ~ 0 * A H R l / A H R 2 * ( B 4 0 6 / A H R 2 - 1 ~ 0 ~  

6291 PFDRU=OoO 
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6292 
C 

6700 
5: 
C 

6300 

6350 

6351 

C 
C 
C 

6800 
6801 

6802 

PFDRV-0 -0  
PFORWtO.0 
P FORR-0 *O  
P FORTSO -0 
PFURP=OmO 
CONTINUE 
ADD ON TERMS DUE TO THRUST 

PFURU=PFURU+PPRRU/MASS 
PFVRU=P FVRU+PTTRU/MASS 
PFW RU=P FWRU+PTPRU/HASS 
PFURV=P FURV+PfRRV/HASS 
P F V R ~ P F V R V + P T T R V / n A S S  
P fW RV=PFWRV+PTPRV/MASS 
PFU RW=P FURW+P TRRWIHASS 
PFVRW=P FWRW+PT'fRW/HASS 
PFWRW=PFWRW+PTRRW/MASS 
PFURR=PFURR+PfRRR/HASS 
PFVRRkP FVRR+PPTRR/MA SS 
PFW RR=P F#RR+P TPRR/MASS 
PFURT=PFURT-DRPRT*PTR~/MASS 
PFVRT=PFVRT-DRPRT*PTTRR/MASS 
P FHRT=PFWRT-DRPRT*P TPRRlHASS 
CONTINUE 
ADJOINT D f 3 f t I V A T l V E  ROUTINE 2 
COMPUTE D E R I V A T I V E S  
DO 6350 J = l r N T  
DO 6350 Is116 
DADJIA+d) = 000 
00 6351 J = l t N T  
DO 6351 f a l r b  
00 6351 K = l , 6  
DADJ(  . L t J ) = F ( K s , I  )*drDJtKRJ) + CF(KrI l * C A O J { K t J )  + O A D J ( 1 r J )  
C A L L  T R A 1 4  

I F { E Q S T f I S T A G E )  o E Q o  0 . 0 )  GO TO 6300 

A O J O I N T  TRIGGER RETURN 
COMPUTE G MATRIX,, COMPUTE GL, AND P R I N T  A D J O I N T  
GO T016~0'1t6851r6900)tNfftG 
IF(EOST6ISTAGE) .NE= 0.0)  GO TO 6802 
PTRRA-0.0 
PBTRA=U.O 
PTPRA = 0.0 
PTRRS = 0.0 
PTTRS = 000 
PTPRS = 000 
GO TO 6803 
EL=CALPH/VT 
E 2  = SALPH/VT 
€3 = VH*CSIGM 
E 4  = VH*SSIGM 
€ 5  = C S I G # / V H  
E 6  = S S I G H / V H  
PTRRS = -THRX*E4+E2 - THRY*E3JVT - T H R L * E 4 * E l  
PTTRS = THRX*SALPH* (853*€6 /VT  - W*E5) + THRY* (E5*853 /VT  + 

PTPRS = THRX*SACPH*(V*ES + E6*654/VT)  + THRY*(ES*B54/VT - 1W*E6)  + T H R Z + C B L P H * ( B S 3 ~ € 6 / V T  - W E 5 1  
1 V * E 6 )  + THRZ+CALPH*[V*ES + E 6 * 6 5 4 f V T )  
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PTRRA = T H R X + I E l * E 3  - W E 2 1  - T H R Z * ( E l + U  + E 3 * E 2 1  
PTTRA = -THRX*6Y*E2 + CALPH*(W*E6 + 8 5 3 / V T * f 5 ) )  + 

PTPRA = THRX* lCALPH+(V*E6  - 8 5 4 * E 5 / V T )  - E2*W) - 1THRZ*(SALPH*(U*E6 + 8 5 3 / V T * E 5 1  - V * E l )  

1THRL+dSALPH* IV*E6  - B 5 4 * € 5 / V T )  + W*E1) 

C P A R T I A L S  OF CL AND CD RESPECT TO ALPHA 
6803 CONTINUE 

CALL  CL CD I I. STAGE I AL P HR- o 005 s MAC H I C L A  L I C D A L 1 
C A L L  CLCD( ISTAGEeALPHR+ 005 *MACH oC L A H  9 COAH 1 
PCLRAb(CLAH-CLAL 11-01  
PCDRA=( CDAH-CDAL ) / o O L  
8130=YT*PCDRA 
B 13 1=VT +PCLRA 

C COHPUTE INFLUENCE FUNCTIONS AND E X I T  TO 7000 WHEN LAST P O I N T  S A V E 0  
PFURA=-810*(U*B130 - C S I G # * V H * B 1 3 1 )  + PTRRA/MASS 
P F V R A = - B 1 0 ~ ~ V ~ B l 3 0 + 8 4 0 * B 5 3 ~ B l ~ l + 8 4 l * U * V T * ~ l 3 l ~ + P T l R A ~ ~ A S S  
PFW RA=-BlO* ( W*B 130+84O+BS4*8 1 3 l - B 4 1 * V * V T * B L 3 1 ~  +PTPRA/MASS 
P F U R S ~ - B l O * S S I G M + V H * B 2 l + P T R R S I W A S S  
PFVRS =B l o +  ( 841182 1*853-840*8 2l*bJ*VT 1 +PTTRS/ MASS 
PFWRSkB 10s ( 8 4 1 + B 2  1*854+840+82 l * V * V T )  +PTPRS/HASS 
P F  RRA*-O 00 
PFTRA=OeO 
PFPRA=O.O 
PFRRS=U,O 
PFTRS=UmO 
PFPRStOoO 
PFARA=O-O 
PFARSkO -0 
PFBRA=-8401 / (CD**2  + CL**Z)* (CD*PCDRA + CL*PCLRA)  
P F B R S'= 0 o 0 
PFCRA=U-O 
PFCRS=OoO 
P F D  R A=U o 0 
PfDRS=OoO 
PFERA-Om0 
PFERS=O-O 
P F F R A z U  -0 
PFFt iS=U 00 
I F 6 T I M E B  .EQ- 0.0) N G = N I F + l  
NG=MG-l 
DO 6811 1 ~ 1 9 9  
DO 6811 J = l p 2  

6811 GL( 19.J9NG)=O.O 
DO 6812 I = l p N T  
00 6812 
DO 6812 K z l 9 6  
GL6 XrJ 6812 NG )=GL 4 I ,  J I NG )+G( K 3 ) * A O J  (K9 I )+CC ( K  s J) *CADJ ( KI I 

C S A V E  CONTROL V A R I A B L E S  
ATABS(NGI=ALPHR 
STABSdNG)=SIGHR 

GTRG=GTRG + DELTB 
C SET TRIGGER FOR NEXT RETURN 

I F ( h l O D ( N G ~ * 1 0 )  - N E -  1) GO TO 6821 
I F ( P R T O P T ( 3 )  -E9- O e O )  C A L L  T R A 1 4  
I F b T I H E 8  -NE- 0 - 0 )  GO TO 6820 

WR I TEd JTAP E I 9070 I 
C PRINT' AOJOINT HEADINGS 

CASENO 0 ID 
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W R I T E ( J T A P E , 9 0 7 1 )  ( ( C A D J ( I , J ) , I = l , 6 ) , 3 - L , M T )  
6820 W R I T E 4 3 T A P E , 9 0 7 2 )  T I H E A , ( C A D J l I , J l , I ~ 1 , 6 )  , ( G L ( J t I , N G ) t I = l r 2 ) ,  

l J = l , N ? )  
I F ( P R T O P T ( 3 )  -LSo 1-01 GO TO 6821 
WRITE(  JTAPE,9073)  ( t D A D J (  I ,J)* I=1,6) J a l r N T I  
W R I  TE4 j TAPE, 9074 1 ( I f ( I , J I 9 3 )  s J=1,6 1 t I= 1 * 6 1 
W R I T E ( J T A P E ~ 9 0 7 5 )  f4G~I~Jf,I=l,6~,~J=l~2)rffCGIItJfrfPLI6)r~=l~2) 

J = l *  6 1 p I=l* 6 1 * ( (CF 

6821 CONTINUE 
I F (  NG .NE, 1 1 C A L L  T R A l 4  
GO TO 7000 

C 
6851 I F ( T I M E 3  .EQ-  0 . 0 )  GO TO 6 8 5 3  

I S f A G E - I S T A G E - 1  

STRG = T F I N A L  - f O S T ( f S T A G E - 1 )  
C A L L  T R A 2 4  

C A L L  T R A 2 4  

6853 I F ( 1 S K A G E  r E Q q  1) GO TO 6852 

6852 CALL OFFW 

6900 I F ( L A M P ( 1 1  ,NE- 0-0 oANDe NC ON€. 01 GO TO 6903 
6901 C A L L  O F F ( 3 )  

C A L L  T R A 1 4  1 

6903 I F ( T I H E B  ,NE* 0 0 0 )  GO TO 6908 
00 6905 Is299 
KT= I 

6905 CONTINUE 

6906 KT=.KT- 1 
6907 D T R G = f F I N A L  - L A M P ( K T k * T F I M A L  

6908 00 6909 I = l , l Z  
6909 

I F ( L A M P ( 1 )  oEQo O m 0 1  GO TO 6906 

KT= 10 

C A L L  T R A 1 4  

S T V R S l  €,KT l =STYR(  I I 
00 6910 J a 1 ~ 8  
00 6910 1 ~ 1 9 6  

KT=KT - 1 
I F ( K T  oEQo 0 )  GO TO 6901 
Gn Tn hac? 

6910 LAMBDA( I ,J ,KT)=ADJ(  I r J + l )  

C 
7000 CON1 I N U E  

I)ELTA=DEtPB 
C COMPUTE INTEGRALS SIMPSON-S RULE 

00 7001 I 3 1 9 9  

00 7003, J=1,9 

DO 7005 I a l t N I F  
T iHE=FLQA'K(  I - l 1 + D E L T A  
C A L L  M U L G ~ 5 O ~ N E R R ~ T I M E ~ W T B B I W T o r W f A B ~ Z 1 2 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
sc=1oo 
IF41 eEQo 1 ,OR- I-EQ- N I F I G O  TO 7003 
SC=4,0 

7001 I N l ' G L l  I,Jt)=OoO 

I F ( M O D f 1 , 2 )  -NE0 0 )  SC=2-0 
7003 COhlTIMUE 

DO 7005 J = l s N T  
DO 7005 K t l r J  
00 7005 M = l r 2  
I M T G L  { J 9 K )=SC+GL ( 3, bt , I 1 /UT( H , H  1 *GL ( K I M  9 I 1 + I  MTGL t JI K )  7005 
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DO 7007 J = l r N T  
DO 7007 K = l r  J 
I N T G L  ( J *K ) = I N T G L  f Jv K )*,DEL T A 1 3 i  0 

I H H = I M T G L I  1, 1 f 
DO 7009 3 = 1 s 8  
ISH( I ) = I N T G L l  I + l s  1) 
DO 7011 1-198 
DO 7011 J-118 

7007 INTGLi(K,J I=INTGL( J v K )  

7009 

7011 I S S I  IrJf=INTGLt I + l , J + l )  

8001 WRITE(  J T A P E 9 9 0 1 0 )  
RETURN 

9010 FORMAT( 11H ERROR MARK 1 
N F = 2  

RETURN 
9011 FORMAT ( 6 E 1 5 e 5  1 

9070 FORMAT( 107Hl RAYTHEON THREE-DIMENSIONAL TRAJECTORY O P T I M I Z A T I O N  P 
lROGRAH TOS9 A D J O I N T  TRAJECTORY CASENO I T N O  t 

9071 FORMAT( 2 8 H 0  CONSTANT A D J O I N T  EQUATIONS / 12x9 48H LHEAT 

9072 FORMAT( l O 8 H O  T I M E  LU LV LW 

2 9 2 X 9 F 8 o O t F 7 * 1 ~ 2 X ,  3 A 6 )  

l L A C E t  PF L A L T  P F  LHTRT PF  / ( l P E 2 4 - 4 t S E l 2 . 4 1 )  

1 L R  L T  L P  GLA G L S  / 
2 F L 2 - 3 9  1 P 8 E 1 2 e 4  / ( E i ? 4 - 4 , 7 € 1 2 0 4 )  1 

9073 FORMAT( 13HO Q E R I V A T I V E S  / ( l P E 2 4 - 4 , 5 E l 2 . 4 )  1 
9074 FORMAT( lOHO F M A T R I X  / ( l X ~ l P 6 E 1 2 o 4 ) )  
9075 FORMAT( lOHO G M A T R I X  / t Z X t l P b E 1 2 - 4 ) )  

END 
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S I B F T C  PRL 

C 
C C O M M O N  F O R  A L L  P R O G R A M S  
C 

SUBROUT I M E  PARTAL FNOt  STOR ) 

COMMM / I N P U T  / C A S E N 0 ( 2 ) 9 I D ( 3 ) 9 X V T e X G A H M D ~ X B E T A D e X H p X f H E T D t  
l X P H I D g  GStGMASSoPAYOFFg,STOPt STOPVtHP o A I T t  X D P S Q t A l l  * A 1 2 9  A 2 1  s 
2 A 2 2  9 A 3 1  
3 A H R l g  AHR29 LAMU S L P E ~ M U T R F Q G J ~ O M E G A ~ R E  PRPC s T L I  M * H L I M t  
48231 A3490RDAf  HNOMA9 EUA 9 ELA 9HMAXA pHMINA t YCAg 
50RDBgHNOMBp EUBv ELBo HMAXBt HMINBp YCB 

l E P S ( 8  1 s  E O S T ( 4 )  s+AE( 3 1 #REFA(  3 )  p I T (  3 )  r D T ( 3 )  g T M T A B ( l 5 0 )  ,TAUTAB( 100) t 
2WTAB( 50*3 1 0  MTAB( 110 4 1 t ATAB ( 269 4 1 t C L T A 8  ( 150 
3ATABX6 201 1 9  STABX6 201 1 9  LAMTAB i 9) ePRTOPT(4 )  ,I NPUTX( 10) 

A 3 2 9  A33 t DEL F o C E H I  M g OPSQM t K l  R 1  9N1 t K 2  g R2, N2 9 A H 1  9 AH2 t 

COMMON / I N P U T  / A N T A B X 6 1 0 0 ) p S N T A B X ( l O O ~ ~ C O N ( 8 ) ~ S I T ( 8 ) ~ S I B ~ 8 ~ ~  

4) t CDTAB ( 150 9 4  1 t DELT A t  

COMMON / I N P U T  / HFMT(220loDFMT(22O)tXGO~340) 
REAL KlsNlpK29N20IT,MUgLAM~LAMTAB 
COMMON / VAR / R A D I A N p D 1 0 p D 1 1 t 0 1 2 ~ 0 1 3 ~ ~ 1 4 ~ D 2 O ~ D 3 0 t D 3 l t D 3 ~ t  

~ A L P H D ~ S I G M D ~ A L P H R ~ S I G M R , C S I G M ~ S S I G M V C T H E T ~ S T H E T ~ R ~ H T V H S ~ ~  
2 V T S O ~ ~ H ~ V T ~ P E A v . R H O t S O F S ~ M A C H ~ M A S S t T H ~ T H R ~ C O S I T t S ~ ~ I T ~ C ~ S D T t  
3s I N D T g  PHRXt THRY THRZ 
4 T  HRPp S g  X 1p.X 2, X39 K49 X 50 X 6 p  X 7  9 X 8  9 X 9  9 RSQ 9 R 4 T H  9 SQRHO p ACE LG t TAU 9 

5T IMEHg CLo CD9 T F I N A L 9  B569 B 5 8 9 P E H  9RHOH9 SOFSH t P E L * R H O L t S O F S L  t 
6DPERHt ORRHt DSRHt CLHMt  CDHMt CLLHpCOLMt  PCLRM 9 PCDRMt ORPRTI BLO s 
7820 t B21pB30t 8319 840,841 9 8 509 851 t B 5 2 t B 5 3  rB54 t 855 t 657 P 860 t 661 t 
88629 8709 8719 8 8 1 9 B 8 2 t B 9 0 t B 9 1  v B 9 2  ~ B 9 3 t B 1 0 0 t B 1 0 1 r B 1 0 2  os103 t B l O 4  t 
9 R3RDpR5TH~VT3pB200~B2Ol~VH3pB202~B204~PTRRU~PTTRUtPTPRU 

COMHON / VAR I P T R R V t  PTTR W 9 P TPRVt  PTRRW t PTTRW t PTPRW t PTHRHt  
lPTXRH9 PTYRHt PTZRHoB3OOs 8301 tB302 oPTRRR 9PTTRRt  PTPRRoB404  t 
2 6 4 0 5 ~  B 4 O O g  SCLCOt DTRA p 8401 OB402 t 8403 t 8406 9 8407 9 PTRRA t PTTRA t 
3PTPRAv PTRRSpPTT’RSptPTPRS,E1tE2tE3tE4tE50E6  pCLAL,CDALtCLAHt  
4CDAH,SCLRAq PCDRAt.B130,.B131t PTRG, STRGsDTRG tGTRGt  S R A T t  
5MUDtNUD~PHISD~THETSD~BETAD,GAHHADtTHETDtPHID,DYNA~ENERtASTtRG 

COMMON / VAR / S F R M ( 1 5 0 0 ) ~ G L ( 9 ~ 2 ~ 2 0 l ) ~ A T A B S ( 2 0 1 ) t S T A B S ( Z O ~ ) t  
l P A R T S l 1 4 ) p P A R T C (  14),CADJ(6t9)tF(6,6)tCF(6g6) t G ( b t 2 ) 9 C G ( 6 ~ 2 )  

COMMON / VAR / L A M P ( 9 ) t V A R X ( 2 5 )  
REAL MACHgMASSt IAHP 
COMi.;ON / ANAL / H L o H I S , S I A ( 8 ) p S I A S ( 8 )  9 S I E ( 8 ) t S I E S ( 8 )  9 C S I A t  

C A L P H t  SALPHpC19C2 9 C 3  gC41C5 g C 6 t T H R R t T H R T  t 

1CS I A S 9  CDS I P S  C D S I A  ( C R D S I  p C H I A  ( C H I  AS 9CDHI  A gCDH1 P 
2 R D S I ( B ) ~ D H I A ~ D H I P ~ R O H I ~ D P g E H I t C E H I ~ I N T G L ~ 9 ~ 9 ~ t I H H t I S H ~ 8 ~ t  
3 1 S S  ( 8.8 8 1 t # T  
4 I S S  I L  4 8 9  8 )  9 DPSQ, OPSQKpfHHK9 I SHK (8) Q I SSK ( 8  t 8 1 9 

5 I S S  ILK6 8 9  8 1 9  DBETAK( 8 )e STVRSt  12 9 9)  9 LAMBDA ( 6  t8 (9) t SFCK*  F l K t  

CROHI  r D S I  A (8 t 

2 9  2 19.F 1 9  F 2  g S I D (  8 1 9 SFC oDSI  (8) o D S I  Jr D B E T A t  8 )  t 

6 F 2 K  

lLAHBDA 
REAL 

COMMON / I V A R  / J T A P E t K T A P E  9LTAPE I T N t  I T T N t  ISTAGf t N C  t 
1NT 9.NRTNg.NTRGtKACC t KA t K S  t N I F  

EQUIVALENCE(SFRM( 2 0 0 0 ) p . N O R A ( 2 0 0 0 )  o H N A ( 1 9 9 7 )  t N E Q A ( l 9 9 6 )  t 
l T I M E A 4  1 9 9 5 ) t U (  1993) n V (  1992)  t W (  1991 1 * R X 6 1 9 9 0 )  t T H E T R ( 1 9 8 9 )  t 
ZPH.IR( 1 9 8 8 ) t P A (  1 9 8 7 ) t P B 6  1 9 8 6 ) t P C ( 1 9 8 5 ) t P D ( 1 9 8 4 )  t P E ( 1 9 8 3 )  t 
3PFt 1982 ) tu1  ( 1981 1 o V 1 (  1980 1 9  W l (  1979) t R X l ( 1 9 7 8 )  q T H E T R l ( 1 9 7 7  
4 P H I  R 1 ( 197’6 1 t P A 1  ( 1975 1 e PB 1 C 1974) 9 PC 1 { 2 9 7 3  1 t P O 1  ( 1972 

4NFGLQ IHHp.ISH9 I S S p  I S S I L t  I N T G L K t  IHHKt I S H K ,  I S S K t I  S S I L K t  

NGt L ( 8 1 , LS ( 8 )  

t 

m PEL (1971 I t 
5 P F 1 (  1970)) 

D IC(EN5 I O N  A 0 3  4 6 0  9 1 9 DAD J 6 9 9 1 
EQUIVALENCE(SFRH(  2000) tNORB (1981) gHNB( 1978) tNEQB(  1977) t 

l T I M E B ( 1 9 7 6 ) 9 A D J (  1 9 7 4 ) o D A D J ( 1 9 2 0 ) )  
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C 
C 
t 

C 
C 
C 

f 
f 
C 
C 

1 

10 

2 0  

DIMENSI.ON STVR( 12 1 
EQU I V  AL ENCE ( SCYR 4 1 1 t U 1 

PRL 02 

€ N O  O F  C O M M O N  F O R  A L L  P R O G R A M S  

D I H E N 5 L W  STOR( 14)tJiS(13) 
SUBROUXINE TO COMPUTE P A R T I A L  D E R I V A T I V E S  OF F U N C T I O N ( F N 0 )  
FNO=NOHBER OF FUNCTION 
STOR=STORAGE FOR P A R T I A L  D E R I V A T I V E S  
E Q U I V A L E N C E l U t  STATE(  1) 1 t ( U L t D E R V (  1) 1 
D I C J E S I O N  STATE(  1 3 ) t D E R V f l 3 )  
STOR( 1)THROUGH STOR( 13)PARTIAt O E R I V A T I Y E S  OF F U N C T I O N ( F N 0 )  
W I T H  RESPECT TO 
RESPECT i V € L Y  
STOR( f 4 ) T O T A L  D E R I V A T I V E  OF FUNCT1ONtFNO)WXTH RESPECT TO TXME 
REAL COW 

Ut V t  W 9.H t THETR 8 PHI R 1 A t  B r C  t D  t E  t F s AND T I ME 

HSt l ) = l - O  
HS12)=1-0 
HS( 3 3 = 1 e O  
HSI  4)=500.0 

HS( 6l=.O1 
HSt5)=,01 

HS( 7)=100 
t is(a)=i .o  
HS1Q )= 1 -0  
HS( 10.)=1-0 
HS( 1 1 ) = 1 o O  
HS( 121=1-0 
HS( 13=)=1.0 
DO LO I = l t 1 2  
STATEI. f )=STATE( I )-HS( It 1 
LOW=FUNCTC FNO) 
STATE4 I ) = S T A T E ( . I  )+lis( I )+HS( I )  
HIGH=FUNCTt( FNO 1 

STATE4 I )=STATE( I )-HS( I )  
CONTINUE 
T I M E A e T  I H E A - H S I  13 1 
LOW=FUNCT( FMO 1 
T I M E A = T I M E A  + H S ( 1 3 )  + HS(131 
HIGH=FUNCTt  FNO)  
TfMEA=TLMEA - HS( 13) 
S T O R ( 1 3 1 = ( H I G H  - L O W ) 1 ( 2 - 0 + H S t 2 3 t t  
STOR( 141=STQR( 13)  
00 20 1=1,-12 
STOR( 14 )=STOR( 14)+STOR( I )*DERY( I) 
CONTINUE 
RETURN 
END 

STOR( ~)=IHIGH-LOW)/(2cO~HSIIIl 
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S I B F T C  FCT 

C 
C C O M F a O N  F O R  A L L  P R O G R A M S  
C 

FUNCT I O N  FUNCT FNU 0 

COMMON / INPUT /' C A S E N ~ ~ ~ ~ ~ I O ~ ~ ) ~ X V T , X G A M M D ~ X B E T A O ~ X H , X T H € T O Y  
FXPH 1 5 9  G S I  GMASS, PAYOFFpSTOP 9 STOPY SHP 9 A I  T t  XDPSQS A l l  t A L 2 9 A 2 L  t 
~ A ~ ~ , A ~ ~ ~ A ~ ~ ~ A ~ ~ ~ D E L F ~ G E H I ~ ~ O P S Q M ~ K ~ Q R ~ ~ N ~  ~ K ~ Q R ~ ~ N ~ Q A H ~ v A H ~ Y  
3AHR19 AHR2g L AM 0 SLPEp MUoRf 9 GJ 9 OMEGA p RE oRPC v T L I  F1 pHLI Hg 
+ A 2 3 9  A 3 4 9  OROAp HNOMAo EUA 9 €LA,  HMAXA QHMINA p YCA 9 

50RDB, HNOMBoEUBtELB,HMAXBoHMINBsYCB 

1EPS(  8 ) 9 EOST( 4) 9 AE 6 3 1 oREFA 
2WTAB( 509.3 1 gMTAB6 1 l p  4 b ,ATAB 4 2604 
3ATABX6 201 1 ,  STABXd 201 1 ,LAMTAB 4 9)  g PRTOPT (4 )  t I NPUTX (10)  

COMMON / INPUT / A N T A 6 X ~ 1 0 0 l ~ S N T A B X ~ 1 O O ~ ~ C O N ( 8 )  , S I T ( ~ ) Q S I B ( ~ ) Y  
3) I T  63) v D T ( 3 )  oTMTAB ( 1 5 0 )  g T A u T A B ( 1 0 0 )  * 

r C L T A 8  I15094)  r C D T A B (  150 9 4 )  t D E L T A S  

COMMON / INPUT / HFMTI220)sDFMT(220)oIG0(340) 
REAL 
COMMON / VAR / R A D I A N p D l O p D 1 l ~ D 1 2 , D l 3 ~ D l 4 ~ D 2 O , D 3 O ~ D 3 l t D 3 ~ t  

fALPHO9 SIGMD, ALPHRt S IGMRtCSIGMp S S I G H I C ~ H E T ~ S T H E T ~ R ~ H I Y H S Q S  
2 V  T S  Q p  NHB VT 9 PEA o RHO 9 SOF S Q MACH o MA SS s TH v THR v COS1 T 9 Sf N I  T vCOSDT t 
3s I N 0 1 9  THRXp THRY p T H R Z o C A C P H p S A L P H g C l p C 2 g C 3 , C 4 g ~ 5  oC6pTHRRt  T H R T t  
4THRPg S O  X l p  X 2 ,  X 39 X4p7X59 X 6 p  X7g X 8  0 X 9  RSQ r R 4 T H  t SQRHO t ACE L G t  TAU I) 
5T IMEHg CLpCDp T F I N A L ,  B56gB58ePEHeRHOHt  SOFSH ~PELsRHOLISOFSLI 
6OPERHg DRRHs OSRHp CLHMpCDHM,CLLMoCDLHtPCLRMpPCORMIORPRToBlO 9 

78209 8219 8309  331o8409B41~B50sB51,B52,B53~B5~~B55 t B 5 7 9  6 6 0 1 B b l r  
8 B 6 2 ~ B 7 0 ~ B 7 1 ~ B 8 1 ~ B 8 2 , B 9 0 ~ B 9 1 ~ B 9 2 ~ B 9 3 ~ 8 1 0 0 ~ B 1 0 1 ~ B 1 0 2 t 8 1 0 3 t B ~ O ~ t  
9R3RDt  R5TH, V T ~ Q  B 2 0 0 * < B 2 0 1 ,  V H 3 g B 2 0 2  OB204 9PTRRUt P T T R U t  PTPRU 

K 1 0  N l o  K 2 o N 2 9  IT 9 M U 9  L A M ,  LAMTAB 

COMMON / VAR 1 PTRRV , P  TTRVo P TPRY p P TRRW 9 PTTRW 9 PTPRW 9 PTHRH t 
~ P T X R H ~ P T Y R H ~ P T Z R H , B ~ O O ~ B ~ O ~ ~ B ~ O ~ ~ P T R R R S P T T ~ ~ , P ~ P R R ~ B ~ O ~ ~  
284059 B40Op S C L C O p D T R A p B 4 0 1 9 B 4 0 2 r S 4 0 3 r B b O b r S 4 0 7 0 P T R R A t  P T T R A t  
3 P T P R A 9 P T RRS 9 P TTR S n P TPR S t E 1 0 E 2 t E 3 0 E 4 9 E 5 P E 6 9 C L A  L t C DA L t C L AH t 
4CDAHp PCLRAo PCORAg B 1 3 0 p B 1 3 1 ~ P T R G  9 STRGtDTRG gGTRG 9SRAT9 
5MUDg NUDg P H I S 0 9  THETSD,BETAD,GAHMAD 9 THETO 9 P H I 0  (DYNA t ENER, AST, RG 

COMMON / VAR /' S F R M ( 1 5 0 0 ) ~ G L ~ 9 ~ 2 , 2 0 l ) p A I A B S ( 2 O l ~ t S T ~ B S ( ~ O l ~ t  
l P A R T S d  1 4 ) , P A R T C ( 1 4 ) , C A D J ( b o 9 ) , F ( 6 , 6 )  r C F ( 6 9 6 )  r G ( 6 r 2 )  r C G ( 6 t 2 )  

COMMON / VAR / L A M P ( 9 I o V A R X I 2 5 )  
REAL MACHpMASSsLAMP 
COMI.,3N ,' ANAL i HX~HIS,SIA(8),SIAS(8)pSIE(8) r S I E S ( 8 )  t C S I A 9  

1CS I AS9 COSIP 
2RDS I( 8 1 9  D H I A D O H I P  ,RDHlt oDP vEH1 gCEH1 s I N T G L  (999) 9 I H H s I S H ( 8 )  
~ I S S ~ ~ ~ ~ ) , W T ( Z ~ ~ ) ~ F ~ ~ F ~ ~ S ~ ~ ~ ~ ~ ~ S F C V ~ S I  ( 8 )  o O S I J o D B E T A ( 8 ) 9  
4 1 S S  I L  6 8 0  8 1 9  DPSQs OPSQKo IHHKg f SHK ( 8 1 
5 1 4 s  ILK6 89 8 1 9  OBETAKg 8 b 9 STVRS 4 129 9) t LAMBDA ( 6 ~ 8  9 9 )  I SFCK tF1  Kt 

CDS I A ,  CROSI  9 C H I A  * C H I  AS 9 C O H I  A DCOHI P 9CRDHZ *OS I A  (8 I t 

I SSK ( 8 9 8  1 9 

6 F 2 K  

lLAMBOA 
REAL 

COMMON / I Y A R  / JTAPEpXKTAPE 9 LTAPE Q I T N * I  T T N Q  I S T A G E t N C  

E 4 U  l V A L  ENCE( SFRM d 2 0 0 0 )  o NORA ( 2000) 9 HNA ( 1997 I 

INTGLo IHHI  ISHo ISSp I S S I L a  INTGLK,  I H H K Q  I SHKQ I S S K I  I S S I L K t  

1NT p.NRTN Q.NTRG~ K ACC 9KA 9 KS t N I F  o NGI L 

11 I M E A (  1995 19 U( 1993 1 ,  V t  A992 1 , W (  1991 1 t R X (  1990) r T H E T R (  1989 I t 
2 P H I R (  1988 T o  PA( 1987) 9 P8 6 1986)  g PC ( 1985) 0 PO ( 1984) t PE ( 1983 
3PF( 1982 ) f U 1 (  1981) p V 1 (  1980) Q W 1 (  1979) ,RX1(  1978) VTHETRL (1977 1 t 
4 P H I R 1 (  1 9 7 6  

8 9 L S  ( 8 )  
NEQA (1996 I t 

I 

P A 1  ( 1975 1 ,  PB 1 ( 1976) I P C 1 (  2973 1 t POL (1972 I. a P E 1  t 1971 t 

5 P F 1 ( 1 9 7 0 1 )  
D I M E N S I O N  A D J ( 6 r 9 ) t  D A D J ( b r 9 )  
EQUIVALENCE( SFRM( 2 0 0 0 )  oNDRB ( 1981) ,HNB ( 1978) eNEO8 (1977) 9 

1 T  IMEB6 1976) ,ADJ t 19741 ,DADJ  6 1920) ) 

n 

/-. , '. 

-. 

r 

f 
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C 
C 
C 

C 

39 

100 

D I M E N S I O N  S T V R l 1 2 )  
EQU IVALEMCE(  STVR ( 1) D U )  

E N D  O F  C O M M O N  F O R  A L L  P R O G R A E I S  

COMMON / I S T A T E  / UN g VN, WNpRXN, T t i E T N p P H I  M, VHNsCTHTN, STHTN 
REAL MURqHUOpMURoNUD 
0IMENSI.ON A t 3 1  
SUBROUTINE TO COMPUTE PAYOFFtSTOPPINCp AND CONSTRAINT FUNCTIONS 
N=ABS( FNU 1 
I F ( N  *NE* 01 GO TO 100 
FUNCT=O*O 
R EWRPJ 

GO TO( 1 9 2 s  314,516t7~ 8 + 9 ~  l 0 1 l l ~  12tl3~14~L5r16tl7~18~19t2~t2112~t~3) 
I F 4  N oGT*  23) GO TO 99 

~ 

Ir N 
1 F U N C P T I M E A  

RETURN 
2 FUNCT=U 

RETURN 
3 F U N C T W  

RETURN 
4 FUNCT-W 

RETURN 
5 fUNCT%RX+RE 

RETURN 

RETURN 

RETURN 
8 FUNCT=PA 

RETURN 
9 FUNCT=PB 

RETURN 
10 FUNtTxPC 

RETURN 
12 FUNCT=PD 

R ETa-lRN 
12 FUNCT=PE 

RETURN 
13 FUNCT-PF 

RETURN 
14 CONTINUE 
15 CONTXNUE 
16 C O N T I M J E  
€ 7  N=N-Ld 

6 f U N C T = T H E T R + 5 7 * 2 9 5 7 7 9 5  

7 F U N C T = P ~ I R + 5 7 * 2 9 5 7 7 9 5  

SPMPN=SINtPHIR-PHWJ) 
CPMPN=COS( P H I R - P H I N  1 
C N S n = ( S L N I T n E T R ) ~ I V N * G ~ H T N ~ ~ P M P ~  + WN*SPHPN) - 
CMCW=CTHTM+COS( THETR ) + S T H T N r S f N (  THETR)+CPMPN 

S I N # U = S I N ( M U R )  

LVM*STHTN*COS(THETR))IVHN 

MUR=ATAEI2( CNSMpfNCM 1 

S I N N U = (  WM*STHTN*COS(THETR) - SIN(THETR)* (WN*CTHTN* 

NUR=ATANZt SINNW*SINf lU*CNSM) 
l C P M P N  - VN*SPHPN 1 1 /VHN 

T ANNUtS  SN#U*SINMU/CNSH 
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124 

1 2 5  

1 2 6  

127 

18 

19 

20 

PHIS=ATAN2(TANMUoSINMU) 
THETS=ATAN2(SQRT(SIMNU+I2 + COS(NUR)+*Z*SINMU+*Z)sCOS[NUR1 

L*COS1 HUR 1 f 
MUD=MUR*RAD i AN 
NUD=NUR*RAD IAN 
PtiISD=PHfS*RAD€AW 
THETSO=THETS*RAOIAN 

FUNCT=HUD 
REPURN 
FUNCT=NUD 
RETURN 
FUNCT=THETSD 
RETURN 
FUNCT=PH IS0 
RETURN 
FUNCTzRX + ( R E  - RPC)*COS(THETR)**2 
REPURN 
FUNCT=SQRT( U*+2 + V**2  + W*+2) 
RETURN 
R=RX + RE 

GO TO t 1240 1250-1269.127)  9N 

FUNCT=#ASS*( (U+*2+V*t2+W++2) /200-#U/R- (1~0-3 .O*COS(THETR)  
L**21/3.0*(RF/R )**3+MU*GJ/RF) 

RETURN 

RETURN 

RETURN 

21 FUNCT=ATAN2(U,SaRT(V*~Z + W**2) ) + 5 7 * 2 9 5 7 7 9 5  

22 FUNCTsATAN2 ( W * V 1 * 57 - 2 9 5 7 7 9 5  

29 CALL ATM(RX + ( R E  - RPC)~COS6THETR1*+2oA)  
FUNCT=e5*A12)* fU*+Z + V * * 2  + W**2) 
RETURN 
END 

8-44 

1 



TOS 9 23 SEPT 64 
I F  

SFR 01 

I '  t I B F T C  SFR 
I SUBROUTINE SFR#D(Mt) 
; p  C 

C C O M H O N  F O R  A L L  P R O G R A M S  
C A 

COMMON / I N P U T  I C B S E N 0 1 2 ) ~ 1 0 1 3 ) ~ X V T ~ X G A M ~ D ~ X B E l ~ D ~ X H t X T H E T D t  
i 
, m  

1 X  PH 109 G S t  GM AS S 0-P AYOF F p S TOP 9 STOP V t H P  s A I T 9 XDP SQ t A 1  1 u A 12 t A 2  I s 
2 A 2 2 9  A 3  1 %A321 A 3 3 t  D E L F  oCEHIM9DPSQM t K 1  ~ R l p  NL t K 2  t R2 t N2 ,AH1 t AH2 t 
3AHR l p  AHR2; L AM t S L P E s a U t  RF  t GJ, OHEGA 9 RE 9 RPC 
4A23 t A 3 4  
50RDBtHNOMBoEUBtELBt -~MAXBtH~INBtYCB 

1EPS( 8 l p  EOSTt 4) p.AEf 3 1 ,REFA( 3 )  t I T ( 3 )  r O T ( 3 )  oTMTAE( 150) t TAUTAB(  1001 s 
2WTAB( 50 s 3 1 p MTABt  11 9.4 1 r ATAB ( 261 4 1 rC L T A B  ( 1 5 0  t 4 1 t COTAB 4 150 r4 I t D E L 1  A t  
3 A T A B X 1 2 0 3  1 * STABX ( 201 1 8 LAMTAB ( 9 1 t PRTOPT f 4 1 9 I NPUTX 4 10 

T L  I M rHL1 M g 

ORDA 9 HM3MA 0 EUA p ELA p HMA XA p HMI NA t YCA t 

COMMON / INPUTt / A N T A B X ~ i 0 0 ) ~ S N T A S X ( l O ~ ~ ~ ~ O N ~ 8 ) ~ S I T ~ 8 ~ t S I B ~ 8 ~ t  P 
I 

f i  
( 

I C O H M M  / I N P U T  / H F M T ( Z Z O ) * D F M T 1 2 2 0 )  t I G O ( 3 4 0 )  
REAL 
COMMON I VAR / R A D I A N ~ ~ D l O ~ D ~ l ~ D l 2 ~ 0 1 3 ~ ~ 1 4 ~ ~ 2 0 t D 3 O t D ~ ~ t O ~ ~ t  

1 ALP HDS S I GMD 
2VTSQp YHpVTp PEAo.RHOp SOFS,MACHtMASStTH t T H R t C O S l  T t  S I N I T  tCOSDT t 
3SXNDTpTHRXp THRYs T H R L 9 C A L P H p S A l P H p C l  t C 2  pC3 t C 4 , C S  t C 6  9THRRtTHRT t 
4THRPs St X f p + X 2 9 X 3 p  X4t-X5,*X6* X79X€It X 9 r R S Q r R 4 T H e  SORHOt ACELGt  TAU, 
5T IMEHp C L  t CDt T F  I N A L  g 8569 858 ( P E H  t RHOH t SOF SH t PE L I RHOL t SOFSL t 
6DPERHt.DRRHo DSRH, CLHM~CDHH9CLLMtCOL#~PCLRM~PCDRMtDRPRT t 610 t 
76209 8210 8 3 0 ~ 8 3 L p B 4 0 ~  84LpB50 t851~852  t B 5 3  t 854 tB55 $857  t B 6 0  t B 6 l  t 
88629 8709 8719 881t882~890,891tB92 ~ B 9 3 t B 1 0 0 t 8 1 0 1 t B 1 0 2  t 8103 ~ 8 1 0 4  t 
9R3ROo R 5 T H t  VT3o  8 2 0 0 r 4 3 2 0 1  t V H 3 t B 2 0 2  t B2040 PTRRU, P T T R U t  PTPRU 

l P f X R H t  PTYRH, PTLRHrB3OOg 8301 e B 3 0 2 t P T R R R  9 P T T R R t  PTPRR t 840% 

3PTPRA,-PTRRSt P T T R S t  P T P R S t E  1 t E 2 t E  3 9  E 4 t E S  t E 6 t C  LAL *COAL t C L A H t  
4CDAHp PCLRAT PCDRAt B13098131 t PTRG t STRG pOTRG tGTRG t SRATr  
5HUDt NUDpPHISDp THE TSOt  B E T A 0  TGAMHAD 

1 P A R T S 4 l 4 ) ~ P A R T C 1 1 4 ) , ~ A D ~ ~ 6 t 9 ) ~ F f 6 t 6 ~ , C F ( 6 t 6 ) t ~ ( 6 t 2 ) t C ~ ( 6 ~ Z )  

K l o  N l 9  K Z s N 2 0  I T p H U p  LAMS LANTAB - 
AL PHR S I GWR 9 C S I  GM 9 S S I GH t C THE T t STHE T t R t H t VHS Q t 

f.\ 

I !  ;- 
1 .  r 

COMMON / VAR / P TRRV t P TTR VIP TPRV t P TRRW t PTTRW t PTPRU t PTHRH t 

/? 2 8 4 0 5 ~ B 4 0 U ~ S C L C D ~ D T R A ~ 8 4 0 1 p 3 4 O Z ~ B 4 0 3 ~ 6 4 0 4 ~ 8 4 0 7 ~ P T R R A t P T ~ R A t  

Ti THE TOT P H I  0 DYNA, E N f R t  AST t RG 
I 

I 

COMMON / VAR / S F R M ~ f 5 0 0 ~ ~ G L f 9 ~ 2 r 2 0 l ~ ~ A T A B S ~ 2 0 1 ~ t S T A ~ S ~ 2 0 1 ~ ~  

COMHW / VAR / t A M P ( Q ) t ~ V A R X ( 2 5 )  
REAL HACHp MASS 9 tAMP 
COMMON 1 ANAL 1 H r c H I S ; Z I A ! S ! o S I ~ S ! B ? ~ ~ ~ ~ ! ~ ! ~ ~ ~ ~ ~ ! ~ :  t C S z A t  

r: 

1CS I AS t COS I P 
2RDS I ( 8 1 *DH I A 9 DH I P p R D H I  t DP 
3 1 S S t  8 t 8 l o W T (  2s 2) t .FltF2, S f D ( 8 )  
4 I S S  IL4 e t  8 1 t D P S P t  DPSQKt. IHHKt I SHK 4 8 )  t f SSK ( 8 t 8 
5 I SS I L K  4 81.8 1, DBET AK ( 8 ) , STVR S ( I 2  t 9 1 

COS I A 1 CR OS I C H I A ,  CH I A S t CDH A t CDH I P , CRDHI  t OS I A t 8 1 t r-..\ 

I 
EH I t C EH I p I NTGL ( 9 t 9 )  t I HH t I SH ( 8 I t 

SFC t D S I  18) t D S 1  J t D B E T A ( 8 )  t 
' 1  

Y 
I C  

I 6F2K 
LAMBDA 4 6 t 8 t 9 1 t SFCK t F 1 K T 

REAL I N T G L p  I H H g  I S H 0  I S S o  ISSIL, I N T G L K ,  I H H K t I  SHKt I S S K t  I S S I  L K t  r? 
I 1LAHBDA 
, coMHa+i I IVAR I J T A P E ~ K T ~ P E , L T A P E , I T N ~ ~ T ~ N ~ ~ S T A ~ E ~ N € ,  
i r  LNTt-NRTNsNTRGt KACC pKA 8 KS t M  I F  9MG t L ( 8 )  t L S  t 8 )  
I E Q U I V A L E M C E t S F R # ~ 2 0 0 O ~ ~ N O ~ A ~ Z O O O ~ ~ ~ ~ A ~ l 9 9 ? ~ ~ N E ~ A ~ l 9 9 6 ~ t  

11 I H E A 4  1995 1 0  U t  1993 1 1 V f  1992 1 t W ( 1991 1 t R X (  1990)  t THETR ( 1989 1 w 
2 P H I R (  1988)tPA(r987)tPB(l986)tPC(l985) t P D ( l 9 8 4 )  t P E ( 1 9 8 3 )  t 
3PF( 1982 1 p U l I  I 9 8 1  1 pVlI1980) t W 1 (  1979) oRXL (1978) t T H E f R t ( 1 9 7 7  
4 P H f R 1 (  1 9 ? 6 ) p P A l (  1975)rP61(  1 9 7 4 )  t P C l (  1973) * P O 1  (19721 t PEL (1971) t 

P 
9 

5PFl~l.9701) P 
DIMENSIOE) A D J I 6 t 9 1 o  D A D J ( 6 t 9 )  
EQU IWALEWCE ( SF RM ( 2000) pAIOR8 ( 1981 1 r HNB ( 1978) t NEQB t 1977 t 

r-1 l f  I H E B f  1976 1, A D J (  l W 4 )  &ADJ ( 1920) 1 
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P4 
D I M E N S I O N  S T V R t 1 2 I  
E Q U I V A L E N C E I S T Y R (  11 ,US 

f 
C E N D  O F  C O M M O N  F U R  A L L  P R O G R A H S  
C 

COMMON 1 FORM / S T R A J ( 2 0 p l 3 )  
GO T O  (11.21,M 

1 CONTINUE 
I F ( T I M E A  .EQo O e O )  GO TO 5 
I F ( T 1 M E A  - L T -  PTXMEA) RETURN 
PT IMEA=TIMEA 
GO TO 7 

N=O 
7 N=N+l  

5 PT IMEA=O*O 

S T R A J [ N F l ) = T I H f A  
STRA J 1 N 0.2 1 =U 
STRA J ( N 9 3 )=V 
STRA J ( N ~4 1 =W 
S T R A J ( N o S ) = R X  
SPRAJ  4 Np6 )=THETR 
S T R A J ( N 1 7 ) = P H I R  
S T R A J ( N 1 8 ) = P A  
S T R A J ( N I ~ I = P B  
SPRAJ  4 N D. 10 )=PC 
STRAJ(N9  Ll)=PD 
S T R A J f  N s l 2 ) = P E  
STRAJ tN ,  131=PF 
I F ( N  oNEo 19) RETURN 

2 CONTINUE 
W R I T E 4 L T A P E )  N , (  ( S T R A J ( I r J ) o I = l o l 9 ) p J = l , f 3 )  

DO 10 I = l r 1 9  
00 10 J=fr . l3  

N=O 

10 S T R A J i  I , J  ) = O - O  
RETURN 
END 

c 

8-46 

n .. I 



TQS 9 23 SEPT 64 r) 
I T M  01 

8-47 c 



TOS 9 23 SEPT 64 I T 8  

DIMEN510# S T V R ( l 2 )  
EQUfVAL ENCE( STVR( 1 1 0  U I 

C 
C € N O  O F  C O W E I O N  F O R  A L L  P R O G R A M S  
C 

E Q U I V , A L E M C E ~ C Q M l 1 L ~ ~ C ~ S E ~ O ~ l ) ) D ( C O # 2 ~ L ) r R A ~ € A N ~ ~ ~ C O ~ 3 ~ l ~ ~ H I ~ ~  
I (  COM4( 1 IoJTAPE 1 

REAL JTAPE 
OIMENSIOPJ COHl~l)~COM2(1),COM3~~),COM4(1) 
IF( J o6E. 1 .LWJDe J -LEO 4) GO TO 10 

C CHECK FOR J H I T H I N  L I M I T S  
I TE#=Om 0 
RETURN 

10 CONTINUE 
GO TO(. 1 ~ 2 r - 3 ~  4 )  r J  

RETURN 

RETURN 

R E T U W  

RETURN 
EN0 

1 ITEM=COMl( I )  

2 ITEM=CUMZ( I )  

3 ITEH=COM3( I )  

4 ITEM=COM4( I )  
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S I B  MUL 
C TO FINO INVERSE OF A M A T R I X  EtIMINATING S P E C I F I E D  
C ROWS AND COLUMNS 

SU8ROWT IClEf M I N V L  ( 4 t A f  p I O 1  
DIMENS I Q W  A (  8s 8 S g IO( 8 1 % A I  4 8s 8 1 
D I M E N S I O N  B ( 8 r 8 1  
00 99 L x l s 6  
DO 99 3~19.6 

99 A I (  I r J ) = U o O  
IROW=O 
00 100 1 5 2 t 8  
I F ( I D 1 X )  o E Q m  OIGO TO 100 
IROW=IROW+l 
ICOL=O 
00 102 3 ~ 1 1 8  
I F ( I D 1 J )  o E Q o  01GO TO 102 
I C O L = I C O L + l  
8(  fROW*+ICOL ) = A (  X r J I  

102 CONTINUE 
100 CONTINUE 

IF( IROW 0 E Q e  0 1 GO TO 209 
CALL M A T I H V ( B r ~ I R O ~ r 0 0 M H Y I O , D U M n V )  

IROW=O 
00 200 I x l r 8  
I F ( I O 4 I )  o E Q o  OlGO TO 200 
IROW=IROW+l 
ICOL=O 
00 202 J=,1,8 
I F ( I D 4 J i 1  m E Q o  O t G O  TO 202 
ICOL=JCOL *1 
A I  ( I r J  ) = & I  IROWr-ICOL 1 

C PUT INVERSE B8CK W I T H  ZERO'S REPLACING ELEUENTS E L I H I N A T E O  

202 CONTINUE 
200 CONTINUE 

END 
I 20% RETURN 

~ 
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S I B F T C  M I V  
C M A T R I X  I N V E R S I O N  WITH ACCOMPANYING SOLUTION OF L I N E A R  EQUATIONS 
c 
f 

S UBROUT IN E MAT IN V ( A , N r.& , H DE T f U  H 1 

0 IMENS I.ON 
EQUIVALENCE ( I R O M ~ J R O Y ) ,  (ICOLUM,SCOLUM), ( A H A X ,  T, SWAP) 

I P I V O T ( 8  ) t A (  8 ,  8 1 ,E3 8.1 1 t INDEX( 8 t 2  1 9 P I V O T  ( 8 1 

C 
C IN - IT - IAL  I Z A T  I O N  
C 

10 DETER#=1,0 

20 I P I V O I f J ) = O  
15 DO 20 J - l r N  

30 DO 550 I = l t N  
C 
C SEARCH FOR P I V O T  ELEMENT 
e 

40 AMIX=O.O 
45 DO 105 J = l t N  
50 IF (IPLVOT(J)-L) 6 0 ,  105, 60 
60 Et0 100 K = l r N  
70 I F  ( I P I V O T ( K 1 - 1 1  8 0 ,  L O O t  740 
80 IF ( A f l S I A n A X I - ~ B S I A ( J + K ) ) )  8 5 s  1001 100 
a5 mow=J 
90 ICOLUH=K 

LOO CONTIHUE 
105 CONTINUE 
110 I P I VOT ICOLOH 1 = I P I VO T ( XCOLUH 1 + 1 

9 5  A#AX=A(  JrX 1 

C 
C INTERCHANGE ROWS TO PUT P I V O T  ELEHENT ON DIAGONAL 
C 

130 IF ( IROW- ICDLUH)  1 4 0 ~  2609 140 
140 DETER!+-UETERM 
150 DO 200 L=ltfiS 
160 SWAP=Af IROWsL 1 
170 A (  IROl l , L )  = A (  ICOLljM,C) 
200 A! ZCS&*gg,L ;=SWAP 
205 f F ( M )  260, 260,. 210 
210 00 250 L=l, 1L\ 
220 SWAP=BC IROWtL 1 
230 
250 8 (  I C O L W r L  )=SWAP 
260 INDEX;( f t ,1  )=IROW 
270 INDEX% L*2)=ICDL-U!4 
310 

81 IRON,-L )iB( fCOLUH,.L 1 

P I V O T  t I. )=A(  ICOCUH, I C O L U H )  
320 DETERM=OETER#+PIYOT( I )  

C 
C O I V I D f  P I V O T  ROW BY P I V O T  ELEMENT 
c 
330 
360 00 3SO L= l ,M  
350 A (  I.COL;:UH,Ll = A (  I C O L U M , l 1 / P I V O f ( l )  
355 I F t M )  380, 380, 360 
360 DO 370 L= l ,M 
370 B1 ICOLUM,L)=B( I C O L U M , L ) / P I V O T C I  1 

A t  I C O C U M ~ f C O L U M  )=1 0 

C 
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C 
C 

380 
390 
400 
420 
430 
450 
4 5  5 
460 
500 
550 

C 
C 
C 

600 
6 10 
620 
6 30 

REDUf f  NOM-PIVOT ROWS 

INTERCHANGE COLUMNS 

640 JGOLUM=INDEX(Ls2)  
650 DO 705 K=l,N 
660 SWAP=.AI: KoJROW 1 
670 A(K,JROW )=A(KtJCOLUM) 
700 A(KsJCOCUM)=SWAP 
705 CONTINUE 
710 CONTINUE 
740 RETURN 

END 

O2 n MI v 
. ,  

n 
, 

"1 

f7 

n 
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f F( PR INTG 1WR 1 TE14,0F#T 1 I TAB f I 1 1-1 9 M 1 
f F (  PUMCHG).WRITEf 7rDFHT 14 TAB( I 1  c I = l  ,.MI 
I F f  PR f N f G  )LCT=LCT+INL 
RETURN 

GO TO 61  
50 COLVEC=ofRUf -  

60 ROWYEC=oTRUE, 
61  fF(PUNCHG1GO TO 62 

I F  ( LCT+- INH+INL*  I T ( 1 ~ 2  1 *:LE oMM 160 TO 72 
ASSIGEI 72 TO L I N K  
GO TO 32 

LCT=LCT+ INH 
72 fF (1NHoEQoO)GO TO 62 

WRITE46ryHFMT)  
62 LOOP" I T  { 1,*2 1 

I F (  ( LOOP- EQ e 0  1 *OR e ( I4 oEQ - 0 1 I R E  TURN 
DO 63 J=l ,LOOP 
IF4PUNCHG)GO TO 73 
I F ( L C T + W t o L E o H M ) G O  TO 73 
W R I T E I 6 p 1 0 0 1 )  
L C T = l  

L tT=LCT+IJUHH 
IF1 INHH-EQeO)GO TO 93 

WRITE16+HFHTH)  

DO 94 K=l,HH 

WRITE ( 69.DFMTH 1 (iTHk8 ( K  1 ,K=l r  MH 1 

93 I F ( N H e M o Q ) G O  TO 95 

94 T H A B ( K ) = f P E M (  I r H (  1 o . K ) r . I T H t Z r K ) )  

LCT=LCT+IMLH 
95 NEWPGkoTRUEe 
73 DO 64 I= l r -M 

XF(COLVEC1GO TO 52 
T A B ( I ) = x I T E H (  I B ~ l ~ l ~ + J ~ l + I T ( 2 r 2 ~ * ~ I ~ l ~ ~ I T ~ 2 ~ 1 1 1  
GO TO 64 
T A B ( 1  ) = I P E H (  I T (  f r l ) + I - L + I T ( Z r 2 ) * ( J - l )  r I ' F ( 2 1 1 )  1 

64 CONTINUE 
52 

IF( P R I N T G ) L C T = L C T + I N L  
I F 4  PR I N T G ) W R I T E (  6 r D F H T  1 ( T A B  { I d  g I=1 r H )  
I F ( P W N C H G ) U R I T E f 7 ~ ~ F H T 1 ( ~ ~ B ( X ~ r I ~ l ~ ~ )  

63 COMTINUE 
N EN PG= o TRU€ - 
RETURN 
EPlO 
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In 

SIBMAP V F I  L I S T S R E F  tDECK&94.  I )OK.MFTC 
*SY MSLS E?40**- sova 30 

309 SYtaBLS HOD FOR S E X I T  (NO S Y M B o - I N  TBL)+TAPE OUTP 
FAP 

ENTRY SY440LS 
ENTRY BCOCON 
ENTRY HOTAPE 

REM CALL SYMBL S ( I N  1 
A R S Y H l  REPI SYMBOLIC M U L T I D I M E N S I O f f  FM I f  I N P U T  SUBROUTINE- AVCO ( A R )  

REM #HER€ I N  = LOCATION TO STORE C O L - 1  E X I T  CODE- 
NSC BOOL 76100 
MSO BOOL 76100 

REM 
SYMBLS SXO J R T N l r l  

SXD 3RTN292 
SXD dR'TN414 
LFTM 

sro FNO 
CLA 394 HOVE =IN= TO SET E X I T  CODE 
STZ+ 3 0  4 
ST'A L C L N f  
CL A N S I X  
TZ E NOPR 

CL A rwww 

CALL: FWRO- 4 -UN06- &STORE 1 
TSX O F F I L  14 

NOPR STZ JK 
ST;E SSCPTC 
STZ eoc 

CRDTAP TSIX TAPES-1 
L X A  1 5 1 9 1  CHECK COLUMN 1 FOR NUMERIC FOR E X I T -  
L X A  1 1 3 1 9 2  
LDQ 8CO 

SXP OC'liSWl RESET =OCTAL= SWITCHES 
SlJP oc'ltswz 

(13) PXD 13p- 

( 6 )  LGL 6 
( 5 1  PAX 51.4 

T X L  * + 2 9  4t*43 TEST FOR ASTERISKS NO 
T X L  CONTRLt  4 r . M  T H I S  IS A S T E R I S K S  PROCESS CONTROL 
TRA NOCNTL 

CAS NOPRWT NO OATA P R I N T  
T X L  *+2, * -  
T X L  5UPRSl.O. 0 SUPRESS ISH 
CAS P R I N T  DATA P R I N T  
T X L  ++2,0*0  
T X L  NSPRSWD9.0 TRIGGER T S I T  
C A L L  FPRW [ L IJSFRM 1 P R I N T  ON LXME 
AXT 14.2 
CL A BCO+24S  2 
T SX oFCNSJot4 
T I X  +-212,1 
TSX e FF It r e  4 
TRA CROTAP 

TRA +-a 

CONTRL XCA 

SUPRS srz N S I X  
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NSPRS CLA N6 
STO N S I X  
TRA CRDTAP 

TXH r x l 9 4 i 2 3  2718 TEST FOR =G= 
T X L  T X l d t i  22 2618 
CAL T X L  
T X L  C ( I N 1 , i -  B Y-PASS = R f D  /NOP= 

TXH * + 2 r k i 2 1  2518 TEST FOR =E= 
TXH ENDCRD04020 2418 YES1 OFF HACHINE 
TXH * + 3 9 4 ~  17 2118 TEST FOR =A= 
T X L  * + 2 i 4 r 1 5  1718 
STP AS-WTCH YES OPEN SWITCH 
TXH * + 2 0 4 i 2 4  3 0 1 8  TEST FOR =H= 

NUCNTL T X L  C( IN) i 4 9  9 YES, BYPASS SELECTS ETC- 

1 x 1  CAL XXL O B T A I N  SWITCH RETURN- 

TXH HEADCD, 4 0  23 2 7 1 8  YES1 SAVE L I N E  FOR LATER USE 
TXH + + 4 9 . 4 8  38 4618 TEST FOR = O r *  OCTAL NUH6ERS 
T X L  ++3,.4136 4 4 1 8  
srp ocxswi SET OCTAL SWITCH 
STP OCTSWZ 

L ( I N 1  SXA **e4 STORE E X I T  CODE- 
STP *XIXSWT SET E X I T  SWITCH 

STP EBKSW 
STP GSTRTS 
STZ COUNT 
STP FESW 
STZ SIGN 
STZ COUNTR 
STP ACUMSW 
STP F L P I N l  

RESET PXD - e -  RESET ALL C E L L S  AND SWITCHES 

s r p  FLPINZ 
R S E T l A  SBZ 6UM 
BLANK SYN 
R E S E T 1  TSX N X T C H R i 4  GET NEXT CHARACTER FROM L I N E  

T X L  X I KSIJTi  i *+ COL. 73 = GET NEXT RECORD 

T X L  U I G I T i 4 , 9  00-1118 0 - 9 O I G I T  
TXL  M I N U S i 4 i  12  1418  - REDUNDANT MINUS 
T X L  PLUSGNi  41 16 2 0 1 8  + BY-PASS PLUS SIGN 
T X t  ALPHA941 25 2 1 - 3 1 1 8  A - I START OF SYMBOL 
TXL  P O I N T i 4 0 2 7  3318 . D E C I M A L  P O I N T  
T X L  NINtJSiGI 32 4018 - MINUS SIGN 
TXL ALPHA, 4941 41-5118 J - R START OF SYMBOL 
TXL  i6TARpb143  5 3 1 8  s DOLLAR SIGN, GET NEXT CARD 
T X L  B L A N K 1 4 0 4 8  6018 BYPASS BL4IUK 
T X L  SLASH&, 49 6118 TEST FOR SLASH 
T X L  ALPHII, 41 57 62-7118 S - 2 START OF SYMBOL 

s TbO TRAPT 
L X A  I O I r . 4  ASSUME START OF SUBSCRIPT 
STZ J 
SKL K 

OPEN(2  S X O  SSCPTCv4 
O Q E N ( 1  TSX NXTCHRv4 

PAX - 9 4  OCTAL- CHARACTER ( S1 0 ACT1  ON 

OPEN( CLA FYNC 

T X l  SUBDEL- i i i q -  ASSUME END OF S U B S C R I P T  
?AX -14 
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c 
A 

P\ 

!,-' 

TXL SUEDGTt 4s 4 

T X L  OPEN( 1 1 4 ~ 4 8  
L X D  S S C P T C t 4  
TXH SUBERR9 49.3 
TRA + + 3 , 4  
CLA J 
SPO K 
CLA SUM 
SUB d 11 
STO 3 
STZ SUM 
T X I  O P E N C Z r 4 9 2  
L X D  € 1 4 3 9 . 4  

STO I 

TZE SUED1 
CLA J1G 
SM3 TRANS+3 
CLA 6U# 
SUB (1) 
TNZ *+2 
ST$I TRANS+3 
ALS la 
SFO TRANS+4 
CLA J 
TNZ *+2 
STA 'CRANS+3 
ADD TRANS+() 
TZE ADDK-1 
S'M3 TRANS 
STU TRANS+ l  
LDQ TRANS 
MPY TRANS+3 
S T 4  TRANS 
A R S  
LOU TRANS+ l  
ADD ITRANS 
ADD 4 1 )  

STA 6UW 
CLA DI.FPW 

STO DIFF 
C L A  .I 
STO DELTA 
CAL T X L  
S T P  ARGNSW 
SKP GNSH2 
C A L  t O C  
S T P  RETNSLJ 

STZ SUM 
STA SWWRD 

TXL sums 4,3z  

SUBOEL CLA SUM 

CLA sscprc 

ADOK ADO K 

E)E TXL S B S C f I r 4 r 2 8  

S U B 1  ADD W M  

TXH OPEN€ 4r 28 
T X L  RESETtr- 

(0-91 

6018 WALK OFF BLANK 
4018 ASSUHE =-= OR =)= -SUBSCRIPT END OR BREAK 

ASSUME =*=-  #OWE UP SUBSCRIPT 
ERROR, MORE THAN 3 SUBSCRIPTS 

HOVE SUBSCRIPTS UP ONE- 

COL 73 ASSUME = )=  
FOUND E I T H E R  =-= OR = I = .  

TEST FOR M U L T I  SUBSCRI PT 

CONVERT SUBSCRIPTS- 

SET = D I F F =  FOR MULTI -SUBSCRI  PT-  
3418 OUT I F  E 1 E  ENTRY. 

SET UP AREA SET GENERATOR- 
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SUBDGT TSX ACUM.4 

S U B D l  C l A  4 1 1  

GNSW2 SYN * 
S B S C T I  PZE SUBSCTIO~MSC 

T X L  OPENI  1 9  u -  

TXH E 1 E + L  4.28 

STO D I F F  
CLA LOC 
T X L  S i J B l o s -  

SUB DELTA 
ADD 411  
STO DELCNT 

REM 

SSM 
STO S I G N  

REM 

STO COUNTR 
CAL TXL 
TRA TXL-1  
REM 

SUBSCT CLA I 

T X L  R S E T l A t  9 -  

MINUS S l P  EBKSW 

TXL D I G I T + l r  9 -  

P O I N T  CLA ( 1 )  

NXTCHR SYN * 
( 2 )  PXD 2 9 -  

TXL  T R A 1 4 s 2 r  1 

T I X  TRA249 10'1 
LDQ BCD+1492 
T I X  * + l 9 . 2 9  1 
LXA (61.1 

T R A 2 4  TRA 29.4 
PXD - 0 -  

L G L  6 

STP ACUMSW 
RESETA ST,P FESW 

S T L  S I G N  
STZ COUNTR 
STZ SUM 

REStETB STP F L P I N l  
STP F L P I N Z  

REM 
TXL  PLUSGN.9- 

D I G I T  TSX AACUM9.4 
PLUSGN SYN * 

TSX MXTCHRp4 
T X L  TGENSUv9- 

T X L  D I G I T , 4 9 9  
T X L  PLUSGNt4 .16  
T X L  EXf'0NT,4121 
T X L  P O I N T 9 4 9 2 7  
TXL  f L O S E ) , 4 r 2 8  

( 1 2 )  PAX 1 2 ~ 4  

COMPUTE STORING LOCATION 

COMPUTE COUNT FOR AREA SET GENERATOR 

FOUND E I T H E R  MINUS ( - 1  (11) OR (8-4) 

START NUMBER 

CONVERT NUMBER AS F L O A T I N G  POINT 
FOUND 0 (12-8-4). 

GET-NEXT CHARACTER 

C O l - 7 3  ATTEMPT HAS BEEN MAOE- 

TEST FOR EMPTY MQ. 
LOAD UP MU 
DECREASE RECORD-WORD COUNT 
RESET CHARACTER COUNT 
E X I T  

SET F / E  S U I T C H  
ZERO OUT C E L L S  

SET F / I  SWITCHES 

FOUND D I G I T  0-9, START CONVERTING 
ACCUMULATE Q I G I  T 

GET NEXT CHARACTER 
ASSUME BLANK 

0-1118 ACCUMULATE T H I S  D I G I T  
2018 BYPASS + SIGN. 
2 5 1 8  ASSUME =E= FOUND, NUMBER HAS EXPONT- 
3318 ASSUME =c.= FOUNDI  NUMBER IS FLTG-PT-  
3 4 1 8  CONVERT DELTASTHEN BACK FOR TOP VALUE _ _ _  

T X L  H I N U S u 4 9 3 2  4 0 1 8  SET S I G N  H I N U S  AND CONTINUE PROCESSING- 
TXH s[ OPEN9 49 59 7 3 1 7 4 1 8  SET UP FOR D E L T A  ENTRY 

EBKSW P Z E  EEK.Or.NSC 
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REM ASSUME BLAH# FOUND. PROCESS NUMBER PER S IGNALS 
REM ( SET UP DURING ACCUMULATION. 

TSX C013VRTe4 
TGENSCI PZE GENTCIP~OINSC NORMAL OR GENEPATOR MODE SWITCH-  

SfQ-CX STO TX 
TRAPT SYN 

TSX **.4 
T X I  * + 2 & r O  
C A L t  E X I T  
LOO TRANHQ 

ASUTCH PZE ACARDS0,NSC =A-CARD= SWITCH AFTER PROCESSING 1 S T  INTEGER 
NL T PSUFNO 

CAL SMWRD 
ADD DIff 
STA SPIOWRO 

STOWRD ST.0 ** 

RETNSW SVN R E S E T r O t N S D  
ARGNSW P L E  ARGENlr0,NSC 
F L P I N l  P L E  GENFLOIOINSC 

CLA TSTART 
ADD O E L T A  
STO TSTART 
T X L  DEtTST,,- 

CLA OELCNT 
FA0 1PO 
STO DELCNT 
LDQ DELTA 
FMP OELCNT 
F A D  TSTART 
LDQ TRAHHQ 

SUB TEN0 

TZE CLATX 
T M I  CL*ATX 

GXITSW P L E  STUTST&*MSC 

GENFLO sra TRANHQ 

DELTSK STO TRANS 

OELSW CHS 

GENENO CLA J X  

PXD -e.- 
STP 2NDfSW 
STP TGENSW 

G X l T Z  C A L  T X L  
srp REFNSCI 
3XL RESETSI- 

(OPEN C A L  T X L  
ZMD(SW PZE GENTOP*O,NSC 

STP TGENSLJ 
ST'P 2NOCSW 
PXD -ex- 
STP REP;NSW 
TSX CONVRT.4 

STOTST ST0 TSPART 
T X L  RESETA-2, e-- 

CLOSE)  TSX CONVRT.4 
Sir0 DELTA 
STZ OELCNT 
cxo NOP,4 

INCREMENT STORING ADDRESS 
ROW-WISE INCREMENT = 1 1  Jw OR J*K 

GET NEXT NUMBER / CONTINUE I N  GENERATIONG- 

** INTEGER GENERATION 

OUB TO TEST 
*+ F L O A T I N G  P O I N T  GENERATION 
UP COUNT 

CREATE MEW ENTRY 

TEST I F  ENTRY I S  OK 

NOP 
OK, ENTER NUMBER 

RESET SWITCHES 

OPEN SWITCHES 

CLOSE SWITCH 
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XPONT C L A  S I G N  
CHS CLM 

ORA SUM 
STO TRANS 
CAL T X L  
STP EBKSW 
STP ACUMSW 

XL T X L  R E S E T A s G q Z l  
T X L  RESETBq I -  

EK STP EBKSW 
TRA PLUSGN 
REM 

.ONVRT SYN * 
l P I N 2  PZE FLPvOvNSC 

lCTSW1 PZzE OCTCNVsOsNSC 
CLA S I G N  
CLM 
ORA SUM 
STP ACUMSW 
TRA 19.4 

lCTCNV CLA SUN 
T H I  O C T C V l  
CLA S I G N  
C L f l  
ORA SUM 

STQ TRAWMQ 
SXD C N V X 4 9 4  

FESW PZE FPXPNTIOINSC 

1 T C Y l  TRA 194 :k 
CLA 1PO 
STO MU 
CLA S I G N  
CLM 
ORA SUM 

: L P t  ORA MGNUM 
FAD MGNUM 
L X A  COUNT#4  
S T Z  COUNT 
T X L  L R s 3 5 1 4 ~ 0  
T X L  *+4q4r9 
FOP 10x10 
L L S  35 

06 I VF I 

TPL *+2 
LXO C H S 9 4  
SXD DELSW94 
T X L  RESfTA-Zw+- 

TSX CONVRTs4 AND START GENERATING TABLE 
S T 0  TEND 

CAL T X L  OPEN SWITCH FOR GENERATOR 
ST,P GSTRTS 
CLA TSTART 

ENTOP STP GXITSW ACCUMULATED F I N A L  VALUE,STORE 

S W f S  P L E  FLPIN1,QsNSC 

T X L  6TOTXo9-  

TXL  S T O T X s r -  
REM FOUND =E=, SET UP FOR EXPONENT + FLTG-PT NUMBER 

LATX CLA TRANS 

2518 I F  =E= GO ZERO OUT CELLS 
I F  =,= ONLY SET F L P / I N T  SIGNAL, 

NUMBER TO BE CONVERTED TO F L O A T I N G  P O I N T  

SWITCH TO SET CONVERSION 
OCTAL CONVERSION 
INTEGER CONVERSION 

OPEN tACUMSW= TO COUNT F R A C I  D I G I T S  

F L O A T I N G  P O I N T  CONVERSION 

OUT TO EXPONENT CONVERSION 
F L O A T I N G  P O I N T  (NO EXPOENTN) CONVERSION 
SET H/Q VALUE = l e 0  
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TX I *-4tq4i-10 
FDP 1 0 X f 0 + 1 0 i 4  

CMVX4 T X L  * + Z , s * *  
L R S 3 5  LRS 3 5  

FHP HQ 
LOU TRAMMU 
1x0 C N V X 4 t 4  
TRA 1 ' 4  
REM 

CLA 1PO 
T X L  F P X P I r 4 1 O  
LRS 35 
T X L  *+3,419 
FHP 10x10 
T X I  * - 4 r 4 ' - 1 0  
FMF l O X 1 0 + 1 O i 4  

FPXPNT L X A  wni4 

F P X P l  STO MQ 
C L A  S I G N  
T P L  FPX92 
CLA 1PO 
FOP M Q  
STQ HQ 

F P X P 2  CLA TRANS 
T X L  FLP1 t . t -  

ARGENl  CCA DELCNT 
SUB ( 1 1  
T Z E  GEFOXIT 
STO OELCNT 
CLA TX 
T X L  S'KOWR0,r- 

SPP ARGNSW 
S T P  G N S H Z  

GENXJT 9x0 -1.- 

T X L  G X I T ~ L , ~ -  
STAR SYN * 
X I T S U T  P Z E  CRQTAP'O'NSC 

, "n . n r r . r  
L A U  4 K f N A t i  

1x0 JRTN9,2 
EFTM 
CL A CASE 
ADU 1) 
STO CASE 
2 E T  NOFND 
C A L L  EX I T  
TRA GOBCK 

GOBCK 1x0 JRTW4 '4  
TRA 11 4 

R E S E T  MQ + XR-4s E X I T  

E XPONE NT C ONVE R S I ON 
O B T A I N  VALUE OF EXPONENT 

BY-PASS I F  EXPONENT = 0 
COMPUTE W Q  

TEST dF H/Q SHOULO BE RECIPROCATE0 
NO 
YES 

O B T A I N  SIGNEO INTEGER 

** AREA SET GENERATOR 
TEST d F  DONE 
YES 
NO 

DONE ENTERING 
RE TURBO S U I  TCHE SI 

YES 

DO T H I S  CASE 

SWITCH OFF DON'T STOP 
SKFRH B C I  3t(6H CASE X5////) 

CASE 8SS 1 
(1  HTR 0,0,1 

REM FOUND SYMBOL 

STU TRAPT 
PXA - 1  4 
L X A  f 51'4 

ALPHA C L A  FYMC 

ALPHP A L S  6 
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SLW SUM 
S X D  A L F A X 4 9 4  
TSX N X f C H R o 4  

h L F A X 4  T X L  A L F A 3 o i -  
PAX $ 4  
SXD SYM94 
TXH *+294960  
T X H  A L F A 3 4 1 9  40  59 
ORA SUM 
TXH ++29.4148 
TXH ALFA20 49 47 
L X D  A L F A X 4 9 4  
T I X  ALPHPo.4.1 
SLW SYMBOL 

ALFA6 TSX NXTCHRp4 
T X L  A L F A S i 9 -  
PAX 9 4  

TXH A L F A 5 8 4 1 5 9  
TXH ALFA6.4148  
T X L  ALFA69 4 9  47 

T X L  ,+2*.1- 
A L F A 1  SLW SYMBOL 

L X A  I 4 9 4  

ANA MASK1 
T Z E  B 1 T B L 2  

CAS SYMBOL 

A L F A 5  SXD 5 Y M 1 4  

B 1 T B L  CAL * *e4  

B I T B L l  CLA + * 9 4  

T X L  ++21s+- 
T X L  FOUNDgg- 
T I X  B 1 T B L 9 4 0 2  

B l T B L 2  T I X  8 1 T B L n 4 p  1 
CLA CHMON 
CAS SYMBOL 
TRA ERRLN 
TRA COMN 

ERRLN STO NOFND 
SXD J U N I R 4 1 4  
STQ TRANMQ 

VF I 

7418 TEST FOR = ( -  
7318 Y E S ?  O B T A I N  SYMBOL AS I S 0  
CREATE SYMBOL TO DATE-  
6018 
5718  

STORE SYMBOLS 6 CHARACTERS 
WALK OFF EXTRA LETTERS TO = ( =  OR BLANK 
END OF CARO ALSO ENDS CHARACTER NAME 

I 

NON-BLANK AND NON-=(= BY-PASS- 

SET =SYM= TO L A S T  CHARACTER GOTTEN 

SET-UP FOR TABLE-LOOK-UP ON SYMBOL- 
B ) + M  O B T A I N  ENTRY 
TEST FOR BCD NAME 
NO BCD WORD 
B 1 4 M  

CHECK FOR COMMON LOAD 

START OF ERROR CARO 

C A L L  -FPRNo (FORMAT 1 
TSX - F F I C o  9 4 
CALL ,FWRD.( oUN0600FORMAT)  
TSX OFF I L o e 4  
L X D  J U N I R 4 s 4  
LOO PRANMQ 

FND NOP FOUND NOP FOR BCDCONt( TRA FOR SYMBLS 
CALL oFPRNo (PROOER 1 
TSX 0FFIL  14  
C A L L  EX I T  

CAL SUM 
ORA l B L A N K  

A L F A 3  SXO SYMsh4 

A L F A 2  L X D  A L F A X 4 r 4  
TNX A L F A 1 9 4 1  1 
ALS 6 
ORA l B L A N K  
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SYH T X L  A L f A 2 + 1 ,  os* 
FOUND CAL **+4 

STbA SKOHRD 
sit) B t 11  
STA LOC 

T Z E  S I N G L E  
ANA # A S K 1  
TNZ S I N G L E  

STO JK 
ARS 18 
T X L  SINGLE+2,  +- 

FNOI CAL +*+4 

FN02 CAL ***4 

S I N G L E  C L A  4 l i  
STf JK 
S T 0  OIFPRH 
STO D L F F  
L X O  SYM& 
T X L  RESETg4.59 

T X L  D P E i J t p t -  
STL SUH 

VF I 09 

B)+M+l 

B)+M+2 O B T A I N  T H I R D  WORD IN CASE OF H U L T I S U E S C T -  
END 06 TABLE, S P E C I A L  CASE 
TEST FOR MULTI -SU8SCRI  P T  
NO 
8 )+M+2 

TEST PF L A S T  CHARACTER WAS = (=  
7318 woo 
YES, GO PROCESS SUBSCRIPT-  

TAPE CALL  -FROD- t -UHOS- , INFRM) 
CALL  
TSX - F R T # -  4 
C L  A NOFNO 
TNZ WOUT2 
CAL N 5 1 X  
TZ E NOUT2 

F S L  I ( BCD g M o  1 

CALL FWRO- ( -Up1060 L INFRIIJ 
C A L L  oFSLO-(BCD,Hot  
TSX o F F I L o s 4  

MOUTZ TRA Is 1 
i3CUMSlrl SYN *** ACCUMULATE D I G 1  T 

ACUM P Z f  A C U M € r O , N X  
T L E  1.-4 BY-PASS A L L  L E A D I N G  ZEROS- 
ST.0 TRANS+3 PRESERVE DIG1 T. 
CAL  T X L  OPEN SWITCH FOR RES OF DIGITS 
SiP nCuwW 
T X L  OIGNPR. v -  

ACUMl  SIT0 TRAN5+3 
OCTSWZ OLE OCTWHt0 ,NSC 

C L A  HIGHTS TEST IF OK TO ENTER NEXT D I G I T  
SUB SUM 

D I G N T R  C L A  SUM 
ALS i 
STO SUN 
ALS 2 
ADD 5UH 
ADD ?RArn+3 
STO SUM 

FRCNf CLA COUNT 
ADO COUNTR 
STQ COUNT 

T Y I  1,*4 

f R A 1 4  TRA l t 4  
QCTSUH CAL 6UM 

A L S  3 
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ORA f R A N S + 3  
SLW SUM 
I R A  1.4 

IEADGO REM 
tEADCO AXT 149.4 

CLA ( 1 )  
LGL 30 
SLW BCO 
CLA BCD+1494  
STO L I N E + 1 4 9 4  
T I X  * - 2 9 4 8 1  

T X L  CROTAPs s *+ 
\CARD STP ASWTCH 

AL  s 18  
ST,D ACNTR 

ACL STOWRD 
STA GTOWRD 
STA ACRD2 
NOP 

\ C R D l  TSX T A P E S 1  
AX T 1 4 9 1  
LXD ACNTR.2 
CAL B C 0 + 1 4 r l  

TNX CRDTAP. 20 1 
T I X  ACRDZ-1s 19.1 
SXD ACNTR.2 

4CNTR TXL  A C R D 1 - l t  t ** 
INDCRD CALL  E X I T  

ARS l a  

ICRD2 SLM ee.2 

REM 

VF I 10 

FOUND =H=. MOVE L I N E  I N T O  BUFFER 

HOVE L I N E  OF TEXT 

ACCUM-CONTAINS MOR0 COUNT I N  DECREMENT- 

RESET =ASWTCH= 
O B T A I N  STORING L O C A T I O N  AND SET FOR 

NEXT A V A I L A B L E  WORD AFTER ALPHA I N F O -  

GET NEXT I N P U T  RECORD 

E X I T  FOR NEXT RECORD UNOER NORMAL CONTROL 
ASSUME REST OF CARD S K I P P E D -  

REM T U  CONVERT BCl3 L I S T  TO TABLE USABLE FOR I N P U T  PROGRAH 
REM 

STO 094 UP RE TURN I MMEDI ATE LY 
3CDCON CLA 1 9 4  TEST IF ENTRY H A S  BEEN MADE FROM THERE 

SXD J R T N l o l  
SXD J R T N 2 9 2  
S X D  ~ i i T N 4 9 4  
C L A  394 

S T A  81 STORE FOR =M= COMPUTATION. 
S T A  NTRNAM STORE FOR TABLE ENTRY- 

T R I G  P Z E  BCOl9OoNSC BYPASS EXCEPT F I R S T  TIME. SET U P  ENTRY 

ADD =0100000000001 
S I P  T R I G  CHANGE SWITCH 
STA NTRLOC 
ADD ( 1 )  

SUB 4 2 A )  
B C O l  ADO ( 9 5 )  

S T A  B C 0 2  
STZ tOC 
L X A  ( 9 S ) t l  MOVE TEXT TO T R A N S I E N T  AREA ( S E T  X R 1 = 9 5 )  
L X A  ( 9 5 1 t 2  HOVE TEXT TO T R A N S I E N T  AREA ( S E T  X R 2 = 9 5 )  

ST*A NTRJK 

BC02  CLA * * p 2  B ) + 9 5  
STO 8C0+95*2 
T I X  BC02rg2, 1 
T I X  ++l,l,l DROP XR 1 FOR 2NO WORD OF =BCD= 

8-64 

P) 

n 

f-? 

c, 

i? 

n 



TOS 9 23 SEPT 64 /1 

Loa 8 C O  
L X A  461~-2 
CLA 521 n 

RETURN STA NAMCNT 
T I X  * + l r 4 r l  r) SXD B C O X R 4 t 4  

/I 

ST.1 J 
STZ s(. 
STZ SUM 
S T L  NAME 
TSX BCQCHRt4  

TXH A L L O O M p b t 6 2  
TXH 1 9 5 1 - 1 t 4 t 5 8  
TXH * + 2 ~ 4 ~ 4 8  
TXH ( 95  1-1 t bhtk7 
LXA 4 6 j r - 4  

TNX NH41At1 
ALS 6 
SCW NAME 
SXD C H A C N T t 4  

WX1 TSX BCDCHRt4  

CHAR PAX +*+4 

‘ ,  

0 195) PAX 95r.4 

f? 

N A H E l  ORA NAME -, 

n 
I ,  

STA CHAR 

TXH N M 2 t . 4 ~  58 

TXH N f 4 1 t A t 4 7  
L X D  C H A C H T t 4  

NH2 L X D  C H A C N T t 4  

f-,i 

r ,  TXH ~ + 2 , 4 ~ 4 a  

CHACNT T X L  M A H E l t  t * *  

CAL NAME 

ALS 6 
ORA 16LiWK 

? T X L  ++29+*.- 

c: T I X  + - 2 9 4 9 1  

,n 
NM4 SLW NAME 

L X A  CHARS4 
NH3 T X H  S E T N A H t 4 r 6 2  

TXH SSCPTr  4 s  59 
TXH S E T N A M t 4 t 5 8  

rl? TSX BCDCHRs4 
H PAX * a t 4  

T X L  M)11390- 

C A l  314 
r’ SETNAM L X D  B C O X R 4 t 4  

ri ARS 15 

r? 

STA 1 O C  

TNZ WAMERR 
CXA S U M t 4  
S X P  L O C t 4  
L X A  J 9 4  
TXL MTRWAM-1 t 49 0 

. C L A  K 

Pi 

T Z E  SET2 
STB TRANS 
LDQ K 

V F I  11 

SET-UP FOR CHARACTER PICK-UP 

SET NAME COUNT = 2 FOR S T A R T I N G  V A L U f  

SET X R 4  FOR NEXT NAME 

7618 DONE H I T H  L I S T -  E X I T  
7218 WALK OFF = e =  + = ( =  
6018 
5718 BY-PASS BLANKS 
ASSUME CHARACTER SO START ACCUMULATING 
t NAME 
TEST FOR &CHARACTER ENTRY. 

GET NEXT CHARACTER 
PRESERVE CHARACTER FOR LATER T E S T I N G  

7218 E I T H E R  OR =(= OR =7718= 
6018 CHARACTER = S - 2 = 
5718 WALK OF BLANKS-  
A L L  OTHER CHARACTERS 

OR IN BLANKS TO F I L C  UP =NAPE= 

RE-LOAD XR W I T H  ENTRY CHARACTER- 
7618 END OF RUN= CHARACTER =7718= 
7318 CHARACTER = t = t  START SUBSCRIPT 
7218 CHARACTER = t = t  STORE ENTRY- 
GET MEXT CHARACTER 

STORE =NAME=t = L O C t t f = t  = K t t J =  BACK IN 
O B T A I N  =LOCmNAHE= ( TABLE. 

TEST FOR 0 P R E F I X  AND DECREMENT 
ERROR* RUN OUT OF NAMES 
CREATE = L O C t , I =  (FOR NO SUBSCRIPT,  I = O  1 

BY-PASS FOR S I N G L E  O I H E M S I O N  
1 DIHENSIOMAL 

2 D I M E N S I O N A L  
3 DIHENSIOIYAL 
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T 

V F  I 

MOVE =NAM= BACK I N T O  NEW TABLE 
8 )  
MOVE =LOC , * I =  BACK I N T O  TABLE 
B 1+1 

MPY J 
L L S  53 
L D U  TRANS 
ADD K 
TXF b+399- 

A00 ( 1 )  
SLW K 
CAL NAME 

CAL LOC 

GAL *-1 
T X L  N T R l r 4 r O  
CAL K 

CAL *-1 
N T R l  ADD ( 1 1  

STA NTRNAM 
ADO ( 1 )  
STA NTRLOC 
ADD 4 1 )  

CAF NAMCNT 
ADD d l 1  

S E T 2  PXD 9 4  

NTRNAM SLW ** 
NTRLOC SLW ** 

NTRJK SLW ** 

STSA NTRJK 

L X D  B C B X R 4 r 4  
BCDXR4 T X L  RETURN, ,+* 
SSCPT L X A  I O ) p . 4  

STZ J 
STZ K 

S S l  SXD S S C P T C r 4  
SS2  TSX BCOCHRp4 
( 0 )  PAX 094 

TXL SSDIG,  499 
T X L  5 E T N A M s 4 9 2 8  
T X L  -55294048 
1 x 0  SSCPTCp4 
TXH L U B E R R p 4 9 3  
TRA *+394 
CLA J 
STO K 
CLA SUM 
STO J 
SIT3 SUM 
T X I  bSLo.492 

SUBERR CLA LSSGER 
ARS 18 
STA FORM 
STA FORM+6 

LSSCER T X L  ERRLNr , SSCERR 
NAMERR CLA NKERRL 
NHERRL T X L  B U 8 E R R + 1 ,  ;-FNMERR 
S S O I G  TSX iACUMg.4 

T X L  65299-  
ALLOON L X D  B C O X R 4 r 4  A L L  DONE PROCESSING* CHECK I F  NEXT WORD 

CLA 3 0 4  I N  SET-UP I S  I N  =NTRz  
ARS 15 TEST FOR 0 P R E F I X  AND DECREHENT 

8-66 

TEST FOR T H I R D  ENTRY ( XR4 = J S T I L L )  
ENTER T H I R D  WORD 
B 9 + 2  

UP =NAME COUNT= RE-ENTRY E X I T -  

O B T A I N  XR4 FOR MODIFICAfIONm 

FOUNO A SUBSCRIPTp 
ZERO OUT C E L L S  

GET CHARACTER 

( 0 - 9 )  TEST FOR D I G I T  
3418 ASSUME =I= WHICH ENDS S U B S C R I P T *  
6018 ASSUME BLANK9 WALK OFF, 
ASSUME =,= MOVE AS SUBSCRIPT + STORE 

UP SUBSCRIPTS 

ERROR, MORE THAN 3 SUBSCRIPTS G I V E N  
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COMPUTE =M= FOR TABLE LOOK-UP TEST 

TNZ D N l  OK 
CCA MERRL 

MERRL T X L  SUBERR+l?  t -L ISTER 
OM1 CAL NTRNAM HOVE =B)+H* I N T O  TABLE LOOK-1+ 

STA 8 ) T B L  
STA B I T B L L  
STA *+1 
S T L  *f SET END OPERATION 
ADO 4 1 )  
STA FOUND 
ADD (1) 
STA F N O l  
STA FND2 
SUB 4 2 A t  
SUB 8 )  
STA )4 
1 x 0  3 R T N 1 , l  
L X D  J R T N 2 9 2  
L X D  J R T N 4 1 4  

STO 3 9 4  
TRA 194 

NAMCNT PZE 
BCDCHR P X O  - 9 -  

CAL NAMCNT 

L G L  6 
T I X  T R A 1 4 t 2 t  1 
L X A  (61~3 
100 eco+95t1 
T X I  T R A 1 4 r  1,-1 

NEW MOP 
FORMAT BCI 3 9 1 2 B H  NO SYMBOL = 
SYMBOL BCI 1, 

8CI 2 r = L I S T E D  1 
L I S T E R  BCI Tt134#1WORE E N T R I E S  XN L I S T  THAN I N  TEXT 1 
FNMERR 8 C I  69t27HlCfST OF ENTRIES TOO SHORT 
SSCERR BCI 7 r t 3 3 H l M O R E  THAN 3 SUBSCRIPTS ARE G I V E N  1 
L I N F R M  BCI 2 9 ( f H  1 4 A 6 1  
RSTORE B C I  4 9  t 1 7 H f I s 1 0 9 T  CAROS READ) 
fNFRM B C I  1 9 1 1 4 A 6 )  
HDFORM 0CE 1, (14Ai6) 

N S I X  HTR 6 
N5 HTR 5 

Nb HTR 6 

f B L A N K  OCT 60 
MGNUM OCT 233000000000 

( 1 )  OEC 1 
( 2 A )  DEC 2 

M -  HTR 14 

H I G H T S  DEC 13421771 ENTRY TEST ONE MORE O I G X T  CAN S T I L L  GO 
MASK1 OCT -300000000000 

MASK OCT -375777000000 
B) SLW =* €3)  
I O X l O  OEC 1 o E L O t  1- € 9 ,  l o E 8 t  l o f 7 ~  l o E 6 , 1 o E S r l - E 4 t l o  € 3 ~ 1 0  E2 9 1  - E €  

1PO DEC 100 
DONE SYN 
COUNT BSS 1 
LOC BSS 1 
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SUM ass 1 
S I G N  3 S S  1 
COUMTR BSS 1 
TRANMQ BSS 1 

MQ 8 S S  1 
TSFART BSS 1 

TEND 8SS 1 
DELTA BSS 1 
DELCMT 8SS 1 
DIFPREt 8 S S  1 
SSCPTC BSS 1 
DISF 3 S S  1 
I BSS 1 
NAME BSS 1 

K ass 1 
JK BSS 1 
TRANS BSS f 
BCD BSS 1 0 0  
J R T N l  BSS 1 

JRTNZ BSS 1 
J R T N 4  BSS 1 

J U N I R 4  8 S S  1 

TX ass 1 

J ess 1 

REM HEAD TAPE 
HDTAPE SXD J R T N l g  1 

SXD JRTN49 4 
MZT NSIX 
TRA HRTRN 
CALL! oFWRDo ( oUN06, gHOFORH) 
A X 1  1 4 9 . 1  
CLA L INE+14,1 

T I X  *-2glel 
TSX o FCNYe s 4 

TSX o F F I L o o 4  
HRTRN LXD JRTN 1r.l 

L X D  JRTN40.4 
TRA lo 4 

L I N E  BSS 14 
SLASH STZ BASE 

AX T 369 4 
TRA SL 2 

S L L  CAL SLCH 
CAS SL 8L 
T'RA et2 
TRA SL 3 

TSX NXTCHRs 4 
TSX S E X I T p 4  
AXT 4es 4 
SLW SL CH 

ARS 36.4 
ORS 8ASE 
T I X  S L l o C o . 6  

SL2 SXA . -384  

S L 3  ALS 30 

SLX CLA FYNC 
STO TRAP7 
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t 
\ 

I V F I  15 
i 
! 

CLA BASE 
STO TX 
TRA rASTCH 

HOLCOO FZE 309 0 9  6 
OCTCOO PZE 33,013 

BASE 6SS 1 
SL8C BCS 11 00000 
SLCH BSS 1 

COMB CAL C W N + l  SET UP STORE FOR COHHON 
STA SFOHRO 
W 0  f 11 

TRA !SINGLE 

OCT 000000077461 

s m  LOC 
C H M N  6GI 1r-COHNOH 

NOFNO REC 0 
PRINT B C I  1 9  PR INTO 

NOPRNT 8 C I  I f  NOPRlO 
FYNC TRA 4SWTCH 

PRODER BCI 9 9 4 4 9 H  IF PROQUCTION~ RELOAO JOB OFF L I N E  AND TRY AGAIN) 
TRAFNO TRA FOUNQ 
XMASK1 OCT 377777700000 

FORM SYN ERRLN+6 
E. BSS 1 

END 

E 
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SIBMAP MARK f70O~LISTwREfrDECKoM90 
4 MARK RU~GE-KUTTA1BDAMS-MOULlON INTEGRATOR PACKAGE 
U C A L t l N G  SEQUENCE 
* CALL: MARK 

PZ E HBANK 9.P 9 EO S 
P t  E OERlo PHI oDER2 

4 ERROR RETURN 
PZEeHZE BJ99YJ 
PZ E ZJ 
PZ E 0 
MARK 0 HC1 N I 
ENTRY 
ENTRY 
ENTRY 
ENTRY 
ENTRY 
ENTRY 
ENTRY 
ENTRY 
ENTRY 
ENTRY 
ENTRY 
ENTRY 
ENTRY 
ENTRY 
ENTRY 

OMAR SET 
MARK SXA 

RSTRT L X A  
SXA 
LXA 
CL A 
TZ E 
PDX 
T X L  
CL A 
S T T  
TX I 
CL A 
STT 
P A X  
TX I 
SXA 
TX I 
SX A 
TX I 
SXA 
AXT 
CLA* 
SiTU 
TX I 
TXH 
CL A* 
sa A 
ARS 
S T A  
CLA*  

MARK 
HC 
NI 
TGLO 
Y 
YOOT 
Y (  2) 
YO 
Y O (  2 )  
EUBAR 
EL BAR 
HMAXT 
HI4 I N T  
YCLOH 
RGERR 
50 
140 4 
I49 4 
AEOSw 4 
140 1 
4 9  1 
*+6 
o r  2 
*+3 9 2 0.0 

40 1 
* - 6 9  1 0 - 2  
10 4 
P 
* w  1 
+ + l o  le-3 
L ( M l a 1  
* + 1 p 19.5 
L6Tl')gl 
*+le lr.l 
L( T2 1 r.1 
ow 1 
L ( M )  
MI 1 
W l ,  lo.-l 
*-3w Lo. -4  
L(M) 
N 
18 
( N )  
LlT1) 

r', 

'I 

A 

A 

n 

1 1  
I 

n 

n 

r-. 
STORE USER H BANK 
IN MARK COHMUNC AREA 
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0 

STO 
CL A+ 
STO 
L X A  
CL A 
STA 
LRS 
S 1.A 
PXO 
XCA 
ARS 

PAX 
TRA 
ARS 
TRA 
COM 
TRA 
STJI 
CLA 
STA 
CL A* 
LOO* 
STO 
STQ 
CL A 
STO 

TSX 
L X A  
TX I 
PXA 
ADD 
X C A  
MPY 
STQ 
XCA 
ADD 
STO 
LOCI 
MPY 
XCA 
A 0 0  
NZT 
TRA 
ADO 
ADD 
PAX 
L A C  
SiTZ 
TX X 
T i X  
AX T 
STZ 
S T Z  
S T Z  
CLA+ 

sro 

srz 

P H I  TEST 
32 
P H I  
* 1  1 
*+S, 1 
2 
*+3 

*+6 
E 
L S T R T  
T R I G 0  
L ( T 1 )  
L ( T 2 )  
TRG2 
T R G Z + l  
H 
HC 
3 
ADOR 1 4 
E1 1 
*+ 1 1 9  1.3 

0 1  1 
M 

N 
TEMP 

- -.-- 
I tRY 
T EM? 
N 
E 

TEMP 
E 
++3 
N 
N 
0 1  2 
YOOTI 1 
01 1 
* + l l l l ~ - l  

* - 2 1 2 r l  

- 1 1  1 
N H  
NO 
HD 
L l N 5  

PHI=4 - AM WITH AEC 

PHI=2 - NO AH 

PHftO - AH NO AEC 

I N I T l A L X Z E  J COUNT 

FORH BSS LENGTH 

CLEAR USER 8 S S  AREA 

I N I T I A L I Z E  NH AND NO 
IN MARK AND USER BANK 
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3 

AL S 
ST D* 
TX I 
C l A *  
AL s 
S f  D+ 
NZ T 
TRA 
CLA 
STO 

TRA 
CLA 
STO 
XEC 
CLA 
SSP 
LOO 
T L Q  
XCA 
su B 
2 ET 
SUB 
STO 
TSX 
TRA 
TRA 
LX A 
T R A  

HC P Z E  
NI P Z E  

J P Z E  
T H I N  P Z E  

T M I N Z  P L E  
BMIN TSX 

TGO P Z E  
T G 0 2  P Z E  
DECU PZE 

T L  PLE 
T L 2  P Z E  

T R  P L E  
T R 2  QLE 

TEMP BSS 
T R I G 0  P Z E  

PZ E 
AEOS NOP 
ASEF P Z E  

AFLAG PLE 
TRG2 BSS 

Y P Z E  
YOOT P Z E  
Y ( 2 )  P Z E  

YO PZE 
Y O ( 2 )  P Z E  

PIP1 P Z E  
14 P Z E  

H PZE 

s rz 

18 
L ( M t  
*+ls 1 9 - 1  
L f M )  
18 
L ( H I  
E 
++5 
RGFRK 
GT 2 
A 
*+ 3 
ADAMS+2 
GT 2 
DER 1 
T l  

H 
++2 

H R 0 9  
P 
H R 0 9  
DELU 
A0TBv4 
*+2 
RK C 
1 4 ~ 4  
3 0  4 

STET FLAG WORD =O FOR 2.OX (AEC)  

MAX(HoT1  I N  AC 
OIVIOE B Y  2-26 

D I V I D E  AGAIN IF Dope T IME 
DELTA sua u 

I N I T I A L I Z E  INTERRUPT SIR- 

ERROR RETURN 

n 

A 

r? 

0 

* * , 4  

10 

TRGZ 

SET,  4 
FLAG.4  
2 
**D 1 
**, 1 
**,L 
**, 1 
**I 1 

r 

f- 

c 
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NH Q Z E  
NO 92E 

H PLE 
N P Z E  

(MI P Z E  
T 1  P Z E  
1 2  P Z E  

L ( M )  P Z E  
L ( T 1 )  P Z E  
L ( T 2 1  P L E  

P ?LE 
PHI  PLE 

D E R 2  TSX 
DER1 TSX 

E P Z E  
HS) P Z E  

M C  P Z E  
L S T R T  PZE 

DEL0 DEC 
GSIGM DEC 

ERC Q Z E  
P Z  E 
PZ E 
PZ E 
PZ E 
PZ E 
PL E 
PZ E 
PZ E 
PZ E 
PL E 
PZ E 

OELX P L E  
P Z  E 
PL E 
PZ E 
P Z  E 
QL E 
P Z  E 
P Z  E 
PZ E 
P Z  E 
PZ E 
PZ E 

D E L Y  PZE 
PZ E 
PZ E 
P2 E 
P2 E 
PZ E 
P Z  E 
PZ E 
PZ f 
PZ E 
PZ E 
P2 E 

D E L 2  PZE 

23 S E P T  64 

**? 1 

+*,4 
**,4 

S T A R T  
0 
0 

**, 1 
+et 1 
**? 1 
**? 1 
**, 1 
**, 1 
**? 1 
+*? 1 
**t  1 
+*, 1 
**I 1 
**, 1 
**t  1 
e*, 1 
* * t  1 
+*t  1. 
*e, i 
**t 1 

* * e  1 
*+, 1 
* + t  I 
* * t  1 
**, L 
* * s f  
*.ll 

* * ?  L 
*+? 1 
**t 1 
**, L 
**? 1 
**? 1 
**11 

+*, 1 
* * t  1 
**? 1 

* * t  f 

MARK 04 
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YN PLE 
Y N 2  P Z E  

EUBAR PZE 
ECBAR PZE 
HMAXT PZE 
H M I N T  PZE 
Y CLOW PL E 
RGFRK TRA 

AODR LXA 
SXD 
LXA 
SXD 
SXO 
sxo 
LXA 
TX I 
SXA 
TX I 
SXA 
LXA 
TX I 
AXT 
TX I 
PX A 
SXA 
TX I 
T I X  
AX T 
PX A 
STA 
T X  I 
T I X  
LXA 
sxo 
LXA 
TX I 
PX A 
SXA 
TX I 
T I X  
NZ T 
TRA 
LXA 
SXD 
LXA 
TX I 
PXA 
SFA 
TX I 
T I X  
AXT 
P X A  
SRA 

RGAO T X I  
T I X  
TRA 

ABTB SXA 

UPPER L I M I T  OF E ( N + l )  
LOINER L I M I T  OF E ( N + l )  
H I X I M U M  DELTA T 
M I N I M U M  OECTA T 
LOWER BOUND OF Y(N+11C 

SET TABLE ADORESSES 

N I N  OECRE 

H + 2  I N  ADD 

N I N  DECRE 

N I N  DECRE 

N IN OECRE 
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SXA 
SXA 
REM 
REM 
CLA 
STO 
STO 
CLA 
SPA 
Gt A 
SiU 8 
STA 
CLA 
STO 
CL A+ 
S t O  
L X A  

H A 0 4  CLA 
T L  E 
T P L  
TX I 

H A 1 1  PDX 
T X L  
CLA 
STO 
STD 
TX I 
C L A  
ST A 
SUB 
STA 

H A 0 5  CLA 
NZ f 
TRA 
FAD* 

STO* 
CAS 
TX I 
TRA 
STO 
C L  A 
ST A 
NET 
TX I 

H A 0 6  CLA 
s 1,o 
TX I 

H A 0 7  FILT 
TX I 
CLA+ 
CAS 
NOP 
T X  I 
ST.0 
C L A  
S T A  

smt 

23 SEPT 64 MARK 06 

H A 1 2  
ASET 
&FLAG 
T R I G 0  
BM IPI 
T R I C 0 + 1  
H A L 1  
*+f 

TM I N 2  
T R I G O + l  
TH IN 
141 1 
41 1 
HALO 
* + 2  
H A 0 4 1  11-2 
11 2 
*+51 21-0 
HA€3 
AS E f  
AFLAG 
H A 0 4 1  11-2 
51 1 

H A L 1  
HA06 

P 
*+4 
H A 0 6  
H A 0 6  
H A 0 5  
T M I M  
H A 0 4 1  1,-2 
H A 0 7  
TM I N  
41 1 
BM IN 
P 
H A 0 4 r . l r - 2  

** 

H A O ~  

** 

** 
T H I N 2  
H A 0 4 1  1,-2 
P 
H A 0 4 1  11-2 
H A 0 6  
TH IN2 

HA048 1 9 - 2  

T H I N 2  
41 1 
0H Ipi 

H A 0 2 1  2 
HA031 4 

ASET PZE S E T e 4  AND AFLAG PZE F L A G 1 4  
ASET AND AFLAG SHOULO BE ASSEMBLED AS 

ASET NOW CONTAINS NOP 
AFLAG NOW CONTAINS NOP 

F I N D  HARK 

€ND OF TRIGGERS 

SKIP NEGATIVE TRIGGERS 
SET DEP. VARm F L A G  
SF INDEPENDENT V A R I A B L E  1 JUMP 

ASET M O W  CONTAINS TSX 
AFLAG NOW CONTAINS TSX 

PBOt CONTINUE SEARCH 
T 2  (I) 

NEW T H I N  T M f N 2 1  COHTINUE SEARCH 

P=OtCOf fT INUE SEARCH 
T Z ( 1 )  

T 2 t I  )-TMINZ=+,CQNTINUE SEARCH 
TZf I l - T H I N Z = - r  REPLACE T H I N 2  
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TX I HA041 I t - 2  CONTINUE SEARCH 
H A 1 0  L X A  141 1 FdNQ MARK 

CL A 20 1 
STA DER1 
S T L  TEMP 
S FT TEMP P H I  IN T 4 f E H P )  
ARS 18 
STA DER2 
CLA l o  1 
SXD H A 0 8  
ARS 18 
$TO T€&tP+l 
TNZ *+4 
C L A  H A 1 2  
STD AEOS 
TRA H A 0 9  
L A C  AEOS, 2 

HA08 1 x 1  *+l, 2,.** 
T X L  HA090 2 r 0  
CL A H A 1 3  
STO AEOS 
CLA TE#P+l 
STA 
XEC 

ARS 
slio 
SUB 
TZ E 
TRA 

H A 1 6  AXT 
CLA+ 
ARS 
CAS 
TRA 
I R A  
STO 
TSX 
AX T 
CLA* 
ST0 
A X 1  
CLA*  
ADD 
STA 
AL s 
STOW 
TX I 
CLA+ 
A00 
SIT A 
AL S 
STO* 

HA03 AXT 
H A 0 2  A X 1  
H A 0 1  AXT 

CLA 

~ ~ 0 9  cLa 

AEOS 
AEOS 
TEMP 
15  
TEMP 
P H I  
HA16 
RSTRT 

L ( M )  
18 
( N )  
RSTRT 
*+3 
( N )  
ADDR t 4 
-30 1 
L [ M )  
H 
-1 r  1 
L6M) 
NH 
NH 
18 

- 4 9  1 

u n )  
*+IT LoS-1  
LCN) 
N D  
NO 
18 
L ( H )  
**,4 
**, 2 
**, 1 
TM I N  

GO COMPARE €OS WITH A (AEOS)  

SET C(AEOS)=NOP 
C ON T I N UE 

EOS=A(AEOS) 

C f A E O S ) = T S X  * * 9 4  

A(AEOS)=NEW EOS 

PHI I N  AtTEMP)  

P H I  UNCHANGED 
PHI AND RESTART 

(N) BIGGER,  RESTART 
f N 1 UNCHANGEO , C O N T I  NU€ 

F I X  DELX ADDRESSES FOR NEW (N )  

H O D I F Y  NH AND ND BY 
AMOUNT OF USER CHANGE 
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c 

c 

c 
n 
i 

,(- 

A 
' I  

".*' 

f7: 
L 

n 
'I- 

n 

FS 6 
p1z T 
FAD 
TH I 
TRA 

HA12 NOP 
HA13 TSX 
HA14 OCT 

RKC CLA 
ss Q 
LDQ 
T L Q  
XCA 
S U B  
ZET 
SUB 
STO 

H R 0 4  CLA 
FSB 
STO 
XCA 
FS8 
FAD 
FAD 
SLW 
FAD 
T P L  

HRll L X A  
TRA 
CLA 
LDQ 
TLU 
x EC 
TRA 
TSX 
TRA 
TRA 

HRQ2 CLA 
LDQ 
STQ 
T t Q  
ST 0 
XEC 
TSX 
CL A 
LO9 

STQ 
XEC 
XEC 
TRA 

HRl2 TSX 
TRA 
STO 

HROl TSX 
XEC 
TRA 

s m  

T 1  
P 
OELU 
1 s  4 
21 4 

* * e 4  
2 
TI. 

H 
++2 

HR09 
P 
HR13 
OELU 
T H I N  
T1 
TEMP 

T 2  
7% 1842 
TEMP 
HR03 
OELU 
*+3 
141 4 
314 
HR03 
DELU 
HR02 
8M I N  
*+ 1 
k0TBr 4 
H R l l  
Ha04 
HRS3 
H 
HC 
*+2 
HC 
ASET 

Tl 
T 2  
T GO 
TG02 
AEOS 
AFLAG 
RKC 

H R 0 5  
HC 

AEOS 
H R 1 2  

KuxT A 1.4 

SRCH, 4 

KUTT A r.4 

IF TMIN-TL=;- A M 0  P-0 
THEN CHECK TO SEE I F  T H I N  
IS W l T H f N  OELU OF T1 

H A X  fH ,T )  I N  AC 
D I Y I O E  8 Y  2**26 

D r v m  AGAIN IF D.P. TIME 
DELTA 

T IME ERROR 

TRANSFER I F  T NOT W I T H I N  
DELTA OF T H I N  

GET NEW T H I N  

H C z M I  PI Ot T H I  N-T 1 

INTEGRATE TO T+DT 

NORMAL RETURN 
FLAG RETURN 
CON 
BAK 
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H R 0 5  L X A  
H R 0 7  CLA 

TZ  E 
ANA 
TZ  E 
SX A 
C L A  
STA 
TSX 
T RA 
L X  A 
TSX 
TRA 

H R 0 8  T X I  
H R 0 9  OCT 
H R l O  OCT 
H R 1 3  OCT 
H R 0 3  OCT 

R A Y 1  PZE 
AMC NZT 

TRA 
TSX 
PZ E 
SSP 
TRA 
CL A 
F4B 
SSP 
C A S  
TRA 
NOP 
KEC 
TRA 
TRA 

GTO TSX 
TRA 
TRA 

G T 1  XEC 
NZ T 
TRA 
TSX 
PZ E 
SSP 
TRA 
CL A 
FSB 
ss P 
CAS 
TRA 
NOP 

G f 2  NOP 
NZT 
TRA 
TSX 
AX T 
L X A  
TX I 

23 SEPT 64 

149 1 
49 1 
RXC 
tiR 10 
HRO8 
RAY l r  1 
41 1 
*+l 
e*)) 4 
*+I 
R A Y l r l  
&BT89 4 

HR07o 11-2 
H R l l  

320000G0000 
400000 
32000000000 
0 

END OF TRIGGERS 

EXECUTE B M I N  

UPDATE THIN 

P ADAMS-MOULTOM CONTROL 
*+5 
DSUB r 4 
T l t O i T H I N  

*+4 
T l  
TM I N  

DELU 
GT 1 

BH I N  
**2 
RSTRT 
ABTBr  4 
G T 1 0 + 1  
AHC 
AS ET 
P 
*+S 
DSUBo 4 
T 1 9  0 0  TGO 

*+4 
T 1  
TGO 

OELU 
G T 3  

RESTART 
ENTRY FROM START 
ERROR RETURN 

DO SET R O U T I N E  

AEC FOR% 

HALVE I N T E R V A L  

MARK 09 (7 

I- 

n 

r: 

P '.-. 

c 
r 

c 

r 

f 

f 

f 

f 
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TOS 9 23 SEPT 64 MARK 10 

, F! .- 

' p  
r:, I - '  

SXA 
PX 0 
STD* 
NZ T 
TRA 
Z ET 
TRA 
TSX 
AX T 
LX A 
TX I 
SX A 
PXO 
STD+ 
TSX 
TRA 

RGINT TSX 
CL A 
LDQ 
STO 
STO 
SSP 
LDQ 
TLQ 
XCA 
Z ET 
SU 8 
W B  
STO 

GT3 CLA 
CHS 
FAD 
FAD 
ST,O 
STQ 
CLA 
c AS 
TRA 
TRA 
TRA 
CLA 
CAS 
NOP 
TRA 

G T 4  CLA 
STO 
STQ* 
CLA 
SPO 
S T d  * 
TSX 
XEC 
TRA 
TRA 

GT5 CLA 
SFO 
srm 

MHt 2 
O t  2 
LCH) 
NO 
++12 
HD 
++lo 
X2.0 ,4  
-21 1 
NOT 2 
++l, 2+-1 
NU, 2 
ot 2 
L ( H 1  
A B f B r  4 
GT lo+ 1 
A O A H S t 4  
T 1  
12  
TCO 
T GO2 

DOUBLE I NTfRVAL 

F I N O  NE# T H I N  
ERROR RETURN 
INTEGRATE 

FORM DELU 
HC 
*+2 

HC IN AC 
P 
G T i O  
GT IO 
OELU 
OELU 

T G 0 2  
T GO 
TEMP 
TEHP* f  
TEMP 
TH IW 
GT 5 
*+2 
G T 4  
TEMP+1 
TH I N 2  

GT5 
TGO 
T 1  
L ( T L )  
1602 
T 2  
LCT2) 
PUTB, 4 
AEUS 
GT6 
RSTRT 
TM I N  
11 
L ( T 1 )  

RESTART 

8-7 9 



TOS 9 2 3  SEPT 64 MARK 11 rl 
CL A 
S f O  
STU+ 
TSX 

GT6  XEC 
TRA 
TSX 
TRA 
CLA 
FAD 
F A D  
STO 
STOP 
STQ 
STQ* 
TSX 
TRA 

GT8 S T Z  
L X A  
CL A 
T Z E  
T M i  
ARS 
t BT 

G T l l  T X I  
SXA 
CLA 
ST  A 
TSX 
TRA 
TRA 

G T 1 3  AXT 
CLA 
STiT 
TRA 

G T 9  TSX 
TRA 
XE 2 
Z ET 
TRA 
TRA 

G T 1 2  CLA 
S XO 
TRA 

SCAR QLE 
G T l O  OCT 

L X  A 
TRA 

KUTTA SXA 
SXA 
S X A  
CL A 
FDH 
STQ 
s Ttz 
L X A  
CLAU 

TM fN2  
T 2  
C t T 2 1  
INTRP9 4 
AFLAG 
AMC 

GT 8 
T 2  
H I C  
11 
T 1  
L ( T 1 3  
T2 
L t i 2 )  
INTRP p * 4  

G T 6 + 2  
STAR 
141 4 
41 4 
GT9 
G T l l  
17 

SRCHp 4 

GT8+29 41-2 
*+614 
4 9  4 
*+l 
* 9  4 
*+2  
GT 12 
+ 9  4 
*-2 
4 s  4 
G T t l  

G T 1 0 + 1  
ASET 
STAR 
RSTRT 
GT 3 

STAR 
G T 1 3  

ABT89 4 

32000000000 
14.4 
' 3 9  4 
H K 0 8 , l  
H K 0 9 1 2  
HK 1 0 9  4 
HC 
HK 12 
T E M P + l  
TEMP 
(Pd) ,  1 
Y 

F L A G  SUBROUTINE 

F L A G  RETURN 

EXECUTE I N T E R R U P T I O N  

CLEAR 5 FROM TAG 

ERROR RETURN 
SET SUBROOTI NE 

F L A G  ROR RESTART 

ERROR RETURN 

(7 

f? 

f7 

n l  

r 

D T / 2  

r 
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STU* 
f f X  
A X 1  

H K U l  LXA 
PXA 
ANA 
PAX 
CDQ* 
FMP 
TRA+ 

H K 0 3  T I X  
CLA 
FAD+ 
srf3* 
XCd 
FAD+ 
FAOW 
STQ+ 
STU* 
SXA 
SXA 
SXA 
XEC 
A X T  
A X 7  
A X 1  
T I X  
CLA* 
LOU+ 
STO 
STQ 

HXO8 AXT 
H K 0 9  A X T  
H K l 0  A X T  

TRA 
H K 0 2  STO+ 

FDP 
XGA 

HXO6 FAD+ 
STXI* 
TRA 

HKO4 SfO 
XCA 
FM P 
FAD* 
STO+ 
CLA 
TRA 

HKU5 STO 
XCA 
FHP 
FAO* 
STO* 
CL A 
TRA 

FOP 
HK07 FAC+ 

23 SEPT 64 

Y O  
Y 
H K 0 3  
TENP+2 

HK €2 
Y O f  2 f 
Y O t 2 )  
TE#P+2 
HK02+ 1 
TEMP+2 

HK 12 
YO( 2 t 
Y O I  21 
f E M P * 2  
H K 0 6  
YO4 2 1 
H K 1 3  

MARK 12 

SAVE I N I T I A L  VALUES OF Y(i1 

GET BIT 35 
C ( X R 2 1 = 1  OR 0 

SMITCH FOR PASSES 1-4 
DO (Nf 
GET 0 OR H12 

DO DER1 OR DER2 

OUTER LOOP, DO 4 
NEW TIME IN BUFFER 

K(I1 STORAGE 

YO + K1/2t K 2 / 2 ,  IC3 

K1 + 2 KZ 

K1 + 2 KZ + I K3 
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KCA 
FAD+ 
FAD* 
STO+ 

TRA 
S T 4 *  

H K f l  OCT 
H K f 2  DEC 
HK13 DEC 

ADfiMS TRA 
TRA 
NOP 
A X f  
AXT 
A X  T 
TRA 
SXA 
S X A  
SX A 
NZ T 
TRA 
NZ T 
TRA 
S T t  
TSX 
TRA 
TSX 
PZ E 
CLA 
FAD 
STO 
XCA 
FAD 
FAC 
STO 
STQ 
STO* 
STQ+ 
x EC 
Nt T 
TRA 
LXA 

R G E T l  LXA 
CLA+ 
STOW 
T I X  
NZ T 
TRA 
TX I 
TXL 
CLA* 
ST,O a 
CL A *  

23 SEPT 64 

Y t 2 1  
Y O  
Y 
Y f  2 )  
HK03 
HKUZ 
HK 04 
WK05 
HK 07 
1OOOOOOOOO 
2- 
6 -  
ADAMS+7 
*+2 

* I  L 
* 0  2 
* 9 4  

f r  4 
kDAMS+3r 1 
ADAMS+4r 2 
ADAMS+594 
E 
++6 
A 
*+4 
A 
ABTB v 4 
G T 1 0 + 1  
G A I N T r - 4  

HC 
T 1  
TEMP 

T 2  
TEMP 
11 
f 2  
L ( T 1 )  
L I T 2 1  
DER1 
E 
RGUP 
( N ) r  1 
M P 1 , 2  
DELX., 2 
QELZ o 2 
*-29 2,*1 
E 
*+3 
* + L e  2r*-1 
e-6, 20.0 
YO 
YN 
Y O ( 2 )  

MARK 13 13 

E X I T  

TO O E R I V  BOX 1 

ERROR TEST 1 
SAVE YNIOELTA N 

f 
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ST,U* 
T I X  
CLA 
STO 
L X A  
CLA 
FOP 
XCA 
SSP 
SbO 
TRA 

RGUP TSX 
CLA 
TNZ 

GND L X A  
CL A* 
STO+ 
CLA* 
STO+ 
T I X  
NZ T 
TRA 
NZ T 
TRA 
TSX 
TRA 

G N D l  STO 
TH I 
CLA 
TRA 
CL A 
STO 
STZ 
TSX 
L X A  
STZ*  
STZ* 

TSX 
oc T 
PX 0 
L X A  
F A D  
T I X  
STO 

GLP XEC 
L X A  
L X A  
CLAe 
f S B *  
FS 8+ 
STO* 
FAD+ 
STU* 
T I X  
NZ T 
TRA 

.,. . .I 
I L A  

23 SEPT 64 

YN2 
R G E T l  r 1 r.1 
R F I X l  
M I  
mp112 
GCOFPr.2 
GCOFC- 11 2 

RGA 
RGUP 

NI 
GNDl 
(Fi l l  1 
Y 
Y O  
Y ( 2 1  
y0(21 
* - 4 i l r L  
E 
*+4 
A 
*+2 
x2.014 
ADAMS+3 
TEMP+3 
*+3 
ADAMS+2 
*+2 
ADAM6+1 
GFRKZ 
GZ P 
PUTBs4 
( N l r l  
YO 
y0(2) 
*-2, ii i 
GA IN T 1.4 
77177 
01 0 
hp152 
GCOFCi.1 
+ - I 1  le1 
GS r GH 
DER2 
M P ' l i 4  
(n111 
YOOT 
O E L X s 4  
YO( 2 )  
YO 
YO( 2 )  
y0421 
*e61 l*l 
E 
GFRK2 

UPOAT 1.4 

MARK 14 

TO CORRECT 

TO E X I T  

CORRECT 

SIDH M + l  COEFF 

T l M E  UNCH 0-Eo 

AEC TEST 2 
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STZ 
STZ 
L X A  

SSP 
CAS 
TRA 
I R A  
C l h  
STO 
TSX 
SSP 
FOP 
XCA 
CAS 
TRA 
TRA 
CLA 
S f O  
FOP 
C L  A 
T L Q  
STQ 
T I X  
CLA 
CAS 
TRA 
TRA 
Z ET 
TRA 
CLA 
FAD 
CAS 
TRA 
TRA 
CL A 
STO 
TRA 

RG3 CLA 
CAS 
TRA 
TRA 
TRA 

RGXe2  LDQ 
FHP 
CAS 
TRA 
'FRA 
TRA 
CLA 
sa0 
CL s 
FAD 
sxo 
X C A  
FAD 
F A D  

R G l  CLA* 

23 SEPT 64 1 
RGERR 
RGYPC 
(MI,€ 
Y 

YCLOGI 
*+3 
*+2 
YCLOW 
RGDI 
RGHAX. 4 

R G D I  

RGYPC 
*+3 
++2 
RGYPC 
RGYPC 
RGA 
RGERR 
++2 
RGERR 
RG1, 1,,1 
RGERR 
EL 8AR 
RG3 
*+ 1 
HO 
GFRKZ 
HC 
HC 
HMAXT 
GFRK2 
GFRKZ 

A 
GFRKZ 
RGERR 
EUBAR 

GFRK2 
GFRK2 
HC 
GCOFP-2 
HHINT 
*+3 
GFRKZ 
GF RK 2 
RFXXl 
NH 
HC 
T l  
TEMP 

T 2  
TEMP 

RGX.2 

MARK 15  3 
ERROR T€ST 2 

P 

0.5 OELTA T 

HALVE 
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STO 
sir9 
STO* 
STQ* 
L X A  

RG4 AXT 
U A  
CLA+ 
ST.O+ 
TNX 
STOS 
T fX  
TX I 
TXL 
CLAIt 
SPU* 
STO* 
CLA* 
sro* 
SPO+ 
T f X  
XEC 
STZ 
STZ 
CL A 
sro 
TSX 
TRA 
TRA 

GFRK2 NBP 
LXA 
TX I 
SXA 
TXH 
TRA 
L X A  
LDQ 
FiiP 
STO 
LDQ 
FHP* 
FAD* 
FAD? 
STO+ 
smo* 
T I X  
'JRA 
NOP 
LXA 

GAON LXA 
CLA+ 
FAD* 
STO+ 
T i X  
T I X  
TRA 

G A I N T  PRA 

23 SEQT 64 

l.1 
1 2  
L ( T 1 )  
L ( T 2 )  
( N l i l  
29 4 
H Q f r 2  
OELZ 12 
DELXs.2 
*+2r  4, I 
YDOT 
*-4.21.1 
*+l, zt-1 
* - 6 , Z r . O  
YN 
YO 
Y 
YM2 
' Y O ( 2 )  
Y ( 2 l  
RG4r  1 ~ 1  
AEOS 
NO 
XD 
R B I G  
TRG2 

G T l O + l  
G T 2 + 1  

ABTBq 4 

T E M P j 3 r  2 
-11 2l.-1 
TEMP+3* 2 
*+212,.0 
GAMY-2 
( N l l  1 
HC 
GSiGm 
T E H P + l  
TEMP + 1 
YO 
V (  2 )  
Y 
Y 
Y ( 2 )  
+-6, 11-€ 
GL P 

HP1.2 
( N l r l  
Y O ( 2 )  
0ELX.r 2 
DEtX,Z 
*-3, l r . l  

GND 
*+7 

* -512r.1 

RESTORE TN 

FINO NEW THXN 
ERROR RETURN 

FORM NEXT FTERATE 

FIXED I T E R A T I O N S  END 

D l F F  TABLE UPDATE0 
TO E X I T  
PREDICTOR-CORRECTOR SR 
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PZ E 
Pi! E 
AX T 
A X 1  
AXT 
TRA 
SX A 
SXA 
SXA 
CL A 
TZ E 
CLA 
TRA 
CLA 
STA 
LX A 
LXA 
A X 1  
STZ 

f M P *  
f A 0  
STO 
TX I 
T i X  
XCA 
F H P  
FAD* 
S Tdl 
XCA 
FAD* 
FAD 
STO+ 
STQ* 
T I X  
TRA 
OEC 
OEC 
DEC 
DEC 
OEC 
DEC 
Df c 
DE C 

DEC 
GCOEP D6C 

OEC 
DE C 
OEC 
O€C 
OEC 
OE c 
OEC 
DEC 
DEC 

GCOFC PZE 

m a  

Dec 

23 SEPT 64 

GCOFP 
GCOFC 
f ?  1 
*? 2 
*I  4 
2s 4 
G A I N T + 3 g  1 
GA INT+40  2 
CA f N f + S r  4 
L? 4 
++3 
G A I N T + 2  
*+2 
G A I N T + l  
++5 
( N 1 . l  
H P l r 2  
10 4 
TEMP 
* r  4 
O E L X r 2  
TEMP 
TEMP 
W,41 1 
e-58 29.1 

CALL SEQ 
TSX G A I N T t 4  
PLE K 
NOR R E T  
I F  K = U t P R E D I C T  
IF K NOT OoCORRECT 

HC 
Y 
TEMP 

Y (  2) 
TEMP 
Y 
Y (  2) 
*-la9 1tl 
GAIMT+3 TO E X I T  

0,294868003 

0,315591936 

0,2a70754484 

0,304224539 

0~329861111 
O o 3 4 8 6 1 1 1 1 1  
00375 
0,416666666 

100 
-010078925542 
-0e0093565362 
-OOO!l 13673950 

-OO187SE-1 

-0 -4Lb666666E-1 
-0 0 8333a3333E- I 
-0.5 
LOO 

0.5 

-0 m 0  i42691795 

-01263868888E 1 

MARK 17 ,n 

n 

n 

n 

n 
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RGA P Z E  
RGERR PZE 

R G D I  PZE 
RGYPC BSS 

A P Z E  
RGMAX SXA 

SXA 
L X A  
AXT 
STZ 
LDQ 
FMP+ 
FAD 
SF13 
T X I  
T I X  
L X A  
AXT 
S T L  
LDQ 
FMP+ 
f AD 
STO 
TX I 
T I X  
F S 3  
XCA 
FHP 

RGMX AXT 
AX T 
TRA 

F L A G  SXA 
SXA 
S X A  
AXT 
L X  A 
SJZ 
cLli 

T L  E 
TH I 
PDC 
T X L  
CLA 
FSB* 
STCI 
TM I 
CLAW 
T P L  

OZONE CLA 
S W +  
STO* 
C L  A 
S XT 

ODEN S T 7  
T X I  

OMER T X I  
TXH 

23 SEPT 64 

3 
0 
RGHX 4 
RGHX+l, 2 
b4P1,2 
L o  4 
RGYPC* l  . 
GCO F C 1.4 
D E L X e 2  
RGYPC+ l  
RGYPC+l  
* + L , 4 r - l  
* e 5 9  2 ~ 1  
M P 1 1 2  
1r4 
RGYPC+2 
GCOFP, 4 
D E L Z s 2  
RGYPC*2 
RGYPC+2 
*+1,4,t 
*-5,2,*1 
RGYPC+l  

HC 
Os 4 
01 2 
l r  4 
UOP, 1 
OUCH, 2 
OUT, 4 
OMAR t 2 
1 4 9  4 
ORGY 
4, 4 
OUX 
OMER 
r l  
OMER, 11 0 
0 ,  1 
5 ,  4 
TEMP 
OBEY 
L 
O I N K  
TEMP 
R 
W 
F L A G  
ORGY 
4,4 
*+I,  2t-1 
++1,4*-2 
OMNI  12.0 

HARK 18 

COEFF- FOR ERROR DETER- 
E(N+lI 

/DCIl/ 

F L A G  WORD FOR TURNING ON DOUBLING(AEC1 

SAVE I N D E X  1 
SAVE IFIDEX 2 
SAVE INOEX 4 

INDEX FROM TSX MARg.4 

L A S T  T R I G G f R  
IGNORE NEGATIVE TRIGGERS 
ADDRESS I N  I N D E X 1  
IONORE TIME STOPS 
YSUBJ 

S I G N  OF DIFFERENCE TEST 
YSUBJ-ZSUBJ AT  T L  
IF SAHE SIGN IGNORE 

RJ=W.J FOR FLAG 

TEST FOR F L A G  RETURN 
FLAG 
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Lxa 
TRA 

OUT AXT 
Z ET 
TX I 

OBP AXT 
OUCH AXT 

TRA 

T P L  

TRA 

SXA 
SXA 
L X A  
AXT 
CLA 
STO 
CLA 
STO 

OVER CLA 
TZ E 
T H I  
PDC 
TXL  
CLA 
FSB* 
STO+ 
TX I 

OMEN T X I  
O P I N E  TXH 

L X A  
TX I 

O B I T  A X 1  
ODE AXT 

OOZE AXT 
TRA 

ORGY PZE 
t PZE 
R PZE 
W PZE 

OMAR EQU 
L T A 8  8SS 
RTAB BSS 
WTAB 0 S S  
SRCH SXA 

S X A  
SX A 
CLA 
STO 
STO 

AXT 
ONSET CLA 

TZ E 
TH I 

OBEY CLA* 

OINK c i a  

SET sxa 

Lxa 

23 SEPT 64 

I 4 s 4  
31 4 
9 4  

ORGY 
OOPS 4 0 . 4  
r* 1 
12 
I t  4 
L 
OZONE 

ODEN 
O B I T 9 4  
OOZE1 2 
ODE8 1 
I 4 0  4 
OHAR p 2 
T 1  
T L  
12  
T L  2 
4r 4 
O B I T  
OM EN 
r 1  
OflEFI, 110 
01 1 
5s 4 
L 
++1121.- 1 
OP ?NE, 4,  -2 
OVER? 29 0 
I 4 9 4  
ODE, 4,,-2 
s . 4  
9 1  

92 

l r  4 

CTAB+OMAR, 2 
RTAB+OHARs2 
WTAB+OMARs 2 
5 0  
OMAR 
OH AR 
OMAR 
OBOY 1 4 
OVAL9 2 
OR89 1 
OBESE 
OGEE 
HP 
14s 4 
OMAR 2 
49 4 
OBOY 
O H I T  

ERROR RETURN FOR TOO MANY 

DEPENDENT VARIABLE STOPS 
I F  ZERO 

OTHERWI SE NORMAL 

YSUBJ-ZSUBJ AT  T L  
SET FLAG I F  SIGN NOT EQUAL 
OTHERWISE CLEAR TAG 
AND CONTINUE 
SAVE I N D E X  4 
SAVE I N D E X  2 
SAVE I N D E X  1 

OR 
OTHERWISE 

L A S T  TRIGGER 
IGNORE NEGATIVE TRIGGER 

IGNORE T I M E  STOPS 
YSUBJ 

Y SUB J- ZSUB J 

ERROR RETURN FOR TOO MANY 
DEPENDENT V A R I A B L E  STOPS 

TAG STORAGE 

SAVE I N D E X  4 
SAVE I N D E X  2 
SAVE I N D E X  1 

HM=BIG 

I N D E X  FROM TSX f l A R K s 4  

L A S T  TRIGGER 
O M I T  N E G A T I V E  TRIGGERS 
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7 

1 

-7 

I 

1 

7 
., 

1 

'7 

TOS 9 

PDC 
TXL 
STT 
NZ T 
TRb 
CL A 
fSB* 
STO+ 
FS8+ 
$BO 
CAL* 
ERA* 
PBT 
TRA 
SXA 
SXA 
T S X  
PL E 
AXT 

OVARY AXT 
FOP 
FHP* 
s KO 
CLA 
Loci 
TLQ 
TRA 
STQ 

RSTOR CLA 
SSP 
FSB 
TPL 
CLA 
TRA 

OCCUR CCA 
ONION STT 

TRA 
E.EACii C & i  

€RA* 
PBT 
T'RA 
CLA+ 
FSB? 
SrO 
SXA 
SKA 
TSX 
PZ E 
AXT 
AX T 
FOP 
FMP* 
SRCI 
LOU 
T L Q  
STO 
TRA 

23 SEPT 44 

01 1 
OMIT1 110 
ORGY 
UR GY 
ODOR 
01 1 
51 4 
W 
t 
TEHP*2 
w 
L 

REACH 
DVARY.4 
OVARY-11.2 
DSUBs 4 
T L i , T l  
+ e t 2  
*+,4 
TENP+2 
PI 
TEMP 
OGEE 
TEMP 
*+2 
RSTOR 
OGEE 
TEMP 

OELU 
OCCUR 
OFT 
ON ION 
OR8 
41 4 
ODOR 
ij 
R 

RFLAG 
w 
R 
TEMP+2 
4 + 4 s  2 
*+414 
USU8 1 4 
T R t e P l  
* * e  2 
- , 4  
TEHP+2 
w 
TEMP 
HP 
RSTOR 
HP 
RSTOR 

OM1 T INOEPEMDEPJT STOPS 

TEST WORD 
EQUAL ZERO 
NOT EQUAL ZERO 

WSUBJ+YSUBJ-ZSUBJ 

€QUAL S I G N  SGN WJ=SGN LJ 
OPPOSITE I N  SIGN 

MARK 20 

/- 

R 
HH 
R 

R LESS THAN HM 

SCN WJ=SGN R J  

WJ-R J 

8-09 
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RFLAG C L A  
STT 

ODOR T X I  
O M I T  T X I  

TXH 
L X A  
TRA 

OBOY AXT 
ORB AXT 

CLA 
FS B 
TNZ 
AXT 
CLA* 
STO+ 
T I X  

L D Q  
STO 
STP 
CLA 
TRA 

R S T R J  AXT 
CLA*  
STOW 
T I X  
CL A 
LDQ 
STO 
S T Q  
C L  A 

RSTOT STO 
SSP 
LDQ 

OVAL A X T  
T L Q  
TRA 
CL A 
TRA 

OGEE PZE 
HP PZE 

OBESE OCT 
OFT P Z E  

REM 
REM 
REM 

I N T R P  SXA 

cLa 

sx a 
sxa 
TSX 
PZ E 
SliO 
FDP 
ST.Q 
L X A  
L X A  
CLA 

23 SEPT 64 MARK 21 

t J = H J  

RJ=WJ 

4 

414 
* + f r  2P-1 

ONSETt 29 0 
1491) 
39 4 ERROR RETURN (TOO MANY DEPENO. VAR T R I  
- 9 4  

*4 t  1 
OGEE 
OBESE 
RSTRJ 
OMARi 2 
W 
L 
*-2,21*1 
T l  
T 2  
TL 
TL 2 
HP 
RSTOT 
OMAR, 2 
H 
R 
*-2r29.1 
T 1  
T 2  
TR 
TR2 
OGEE 
H I C  

4r--2 

DELU 
+ * o  2 
++2 
Ir 4 
H I C  
29 4 
HM 

377777767777 
95 
INTERPOLATION ROUTINE FOR ADAMS-MOULTON (MARK) 
TSX INTRPg.4 
NORMAL RETURN 
RICH, 4 ENTER 
R Z C H + l r  1 
R I C H + Z r P  
DSUBr 4 
T G O i  0 T l  
R I H U - 1  HC(MU) 
HC 
R I t 4  NU 
RLOC1+3r 2 I R 2 = 2  
Mi4 I R 4 = M  
R I B  
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,n 

n 

tl 

n 

n 

TOS 9 

STO 
STO 
STO 

R L O C l  CLA 
FAD 
sru 
XCA 
FMP 

CLA 
FS6 
ST 0 

RLERQ XCA 
FMP 
STO 
FDP 
XCA 
TNX 
CHS 
TRA 

RLOC2 T X I  
SFO 
T I X  
L X A  

RLOC3 9x0 
POX 
L X A  
C L  A 
S T 0  
LDQ 
FHP 
FAD 
STO 
T X  I 
T I X  
STO 
T EX 

L X A  
L X A  
STL 

FHP 
F A D  
STO 
T X  i 
T I X  
f AD+ 
XCA 
FHP 
S EO 
C L A *  
FSB 
FAD+ 
STO* 
STQ* 
T XX 

sro 

I Y A  L..m 

RLOC4 LOO+ 

23 SEPT 64 

R I C  
RFACV 
R I M - 2 . 4  
R I C  
R I B  
R I C  
2 
RFACV 
Uf ACT 
R I M  
R I B  
R I M  
1. 
REEZlb214  
RIMU- 11 4 
RFACT 

RLOC212.1 

RLOCZ+ 1 
R L O C 2 + l t 2 9  1 
R A J i 4  
RLOC 1 t.4 1,1 
M t  4 
01 4 
01 2 
n11 
R I B 9 2  
RSUHC 
RAJr 1 
R I B +  11.2 
RSUHC 
RSUHC 
*+ 1 t i t * -  1 
RLOC3+5 t  2t.l 
R I C J r 4  
R l O C - 3 r 4 1  1 
# a a a  * 
8 Y . 8 1  L 

nr 2 
RZ ERQ 9.4 

RSUHD 
OELXtZ 
RICJt4 
RSUMD 
RSUMO 
*+lr 41 1 
RL OC 4 1.2 1% 1 
O E L X t 4  

RIMU-1 
RSAVE 
Y O ( 2 )  
RSAVE 
Y O  
v 
Y (  2 )  
RLOC4-3 t  1 9 1  

?io. GF. E Q u A i .  

OfFFEREMCE S 

MARK 22 
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S X A  
XEC 
XEC 

R I C H  AXT 
AXT 
AX T 
TRA 

RIMU BES 
RIM PZE 

R#Pl  PZE 
RSAVE P Z E  

DEC 
DEC 
DEC 
OEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
0% 
DEC 
DEC 
DEC 
DEC 

R I B  OEC 
R I C  PZE 

RFACT PZE 
R A J  BES 

RICJ BES 
RSWMC QZE 
RSUMO PLE 
UPDAT S X A  

S X A  
LX A 
L X A  
ZET 
T X  I 
SXA 
CL A 
ADD 
S f  A 
STA 

HUOl AXT 
CLA4 
ST.0 

HU02 CLA 
STO 

HUO6 FSBe 
SKO 
CLA 

T I X  
T 1 X  

HU03 AXT 
HUO4 AXT 

HUO7 STO? 

23 SEPT 64 

GZPI  1 
DER 1 
AEOS 
e+, 4 
* e t  1 
**s 2 
194 
17 

-0-382689955E-2 
-0-4214952236-2 
-O1467749840€-2 
-0.523669325E-2 
-0-5q240564lE-2 
-0,678584998E-2 
-007892554012E-2 
-0,935663659E-2 - . 1 1367394 17E- 1 
-O11~2691?989E-1 
-0 0 1875 
-0.0263888889 
-0-0416666667 
-0-0833*33333!3 
- 0 - 5  
100 

15 
15 

MARK 23 n 

3 

E X 1  T 

815 
814 
813 
$12 
611 
810 
B9 
88 

87 
0 6  
85 
8 4  
B3 
82 
8 1  
BO 8SU6J VALUES (0-10) 

FACTORIALS 
A SUB J 
c SUB J 

C ( XRL 1 =( N) 
C 4 XR2 1 = H + f  

BUMP XR2 I F  E = l  

n 

n .. 

r, 

n 

n 

ADDRESS I S  DELX + E 

n 

‘. ’ 

INNER LOOPI DO M+ l + E  
OUTER LOOPI 00 (N) 

A 

A 
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1 

1 

1 

TRA 
W O S  PLE 
DAB0 TRA 
DWB T R A  

PZ E 
PL E 
CL A 
STO 
TRA 
STZ 
CLA 
STO 
L DC 
LAC 
CLA 
L E T  
CHS 
FA0 
sro 
CLA 
ZET 
CHS 
FAD 
SFO 
XCA 
FAD 
FAD 
TRA 

START SXA 
CLA 
FAD 
STO 
XCA 
FAD 
FAD 
S T 0  
sg-9 
TSX 
CLA 
ADD 
STQ 
Z E T  
SU 8 
su 5 
T#L 
CL A 

CLA 
S T 8  
CXA 
CLA+ 
Loat 
STO* 
STQ* 
T I X  
TRA 

G R f t  AXT 

sro 

1 s  4 
DELX 
DSUB+b 
DSUB+3 

OSUB 
DSU8+2 
++2 
OSU5+2 
114 
DSUB+l  
O S U 8 + l r Z  
D S U B + l r  2 
I? 1 
DSU5+2 

11 2 
TEHP 
or 1 
OSU8+2 

Or 2 
T E M P + l  

TEMP 
T E M P + l  
21 4 
GRTL.4 
H 
T 1  
T EHP 

T 2  
TEMP 
TRG2 
TRG2+1  
UPOAT 1.4 
J 
START+30  
J 
E 
START+ 30 
UP 1 
G R T l  
START+3 1 
TRG2 
H 
HC 
f N I r l  
Y 
Y ( 2 )  
YO 
Y O ( Z 1  
* - 4 r  1?.1 
CTO 
* + r 4  

TSX DADO-DSUB 14 
PZf L ( A l l t O r L ( B 1 )  

TEST T R A N S I T I O N  FROM RK TO AH 

TO A K  
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TRA 1 ,4  
QEC 1 
OCT 3777m7g1777 

PUTB SXA P T B i t 4  
L X  A 4 N ) l l  
CLA*  YO 
S TbO * Y 
CLA*  Y O ( 2 )  
S%O* Y ( 2 )  
T I X  *-4i  11 1 
L E T  GZ P 
XEC DER 1 
ST z GZ P 

P T B 1  AXT **, 4 
TRA l e  4 

GZP P Z E  
SUBR FOR DOUBLING (NARIO 

* TSX x2.0 
NORMAL RETURN 

X2.0 SXA 
SX A 
SXA 
CLA 
Z ET 
CLA 
dC L 
FAD 
XCA 
FMP 
s 1.0 
XCA 
FAD 
STQ 
CLA 
FAD 
STO 
XCA 
F A C  
FAD 

SrQ 
CLA 
S T A  
CL A 
sro 
TSX 
L X A  

RAGS L X A  

sro 

R X 2 - 0 9 4  
R X 2  o O+ 11.1 
RX 2 0 0+2 1-2 
M 
E 
MP 1 
RMAG 
RHAG 

HC 
TEMP 

T2 
T E M P + l  
11 
TEMP 
TEMP 

TEMP+]. 
TENP 
TRG2 
TRG2+1 
RALFZ 
T R I G 0  
RHAG 
HD 
RSUMi 4 
( N ) i l  
M P l 1 2  

ROGS CLA+ DELXo 2 
STO* OELY 12 
T I X  ROGSt 21 1 
NZ T E 
TRA R I G S  
TX I *+lt 2r.-1 
T X L  ROGS 9 2 t 0 

R I G S  TXX RAGS, 1 9  1 
TSX RUPOA 1.4 

RESET DEP VAR BANK 
FROM SECONDARY BANK 

MARK 25 
(3, 
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R X 2 - 0  AXT 
AX T 
AXT 
TRA 

R I S K  SXA 
SX A 
SXA 
STZ 

FMP 
STO 
CL A 
STO 
TSX 
LXA 

R I N l  CLA 
STA 
CXA 
SXD 
sxo 
AX T 
AX T 
NL T 
TRA 
AX T 
AX T 

RIP12 CLA+ 
STO* 
TX I 
TX I 

R I M 3  TXL 
R I N 4  T X L  

TRA 
ROCK C L A  

ST A 
A X 1  
CL A 
L B T  
TRA 
2 ET 
AXT 
TRA 

R I M 5  AXT 
N Z T  
TRA 
AX T 
TRA 

R O L L  T I X  
TSX 
TRA 

RMAG OCT 
R A C F 2  TSX 
ROUBL DEC 

R B I G  OCT 
R A D l  PLE 
R A D 2  PZE 

Loa 

23 SEPT 64 

* * , 4  
*f, 1 
* + , 2  
It 4 
R X 2  -0 r.4 
RX 2 ,  o+ 1 r . 1  
RX 2-0+2,.2 
HD 
HC 
ROUBL 
HC 
R B I G  
T R 6 2  
RSUM, B 
t M ) , l  
R A D l  
RIN2 
14Plr2 
R f M 3 r  2 
R I W 4 r  2 
1 1  2 
I r  4 
E 
R IN2 
or 2 
0 s  4 
D f L Y  12 
OELY I 4 
++1,2*2 
+ 1 r 4 r.1 

RIN2r ; ;Z10 
ROCK 14, 0 
ROLL 
RAD2 
R I N 2  
21 2 
H 

R I W S  
E 
21 2 
RIP42 
3 r  2 
E 
RIN2 
1 r  2 
R I M 2  
R I P J l r S r  1 
RUPDA*4 
RX2-0 
233000000000 
R I SK r-4 
2.0 
3771777R7777 
DELY 
DELX 

MARK 26 

HC-2 OHC 

* S U 8 R  FOR HALVL~NGlHARK) 

8-95 

H ODD 
ERR COMTROL(SKIP  FOR NO ERR CONTROL 

H EVEN 

NO ERROR CONTROL 

ERROR CONTROL 



TOS 9 23 SEPT 64 0 MARK 27 

* TSX X-5094 
NORMAL RETURN 

X - S O  SXA 
SXA 
SXA 
STZ 
STZ 
CLA 
ST 0 
LDQ 
FM P 
STO 
C L  A 
Z E T  
C L  A 
ACL 
F A D  
STO 
S I 0  
FS 8 
STO 
L X A  
Z E T  
L X A  
TX I 

RMTR5 LDQ 
FHP 
STO 
CLA 
FSB 
s TO 
T I X  
L X A  
TSX 

R N T R l  STZ 
STZ 
L X A  
L X A  

RNTRO CLA 
L B T  
TRA 

ROD0 S T L  
SXA 

L X A  
NZ T 
TX I 
LDQ 
F H P  
CHS 
STO 
FA0 
STO 
F A 0  
s T.0 
STZ 

RNTR3 LDQ 

sxa  

R X - S i 4  
R X - S + l t  1 
RX 5+2i 2 
Nlf 
HO 
R B I G  
TRG2 
HC 
ROO5 
HC 
n 
E 
MP 1 
RMAGN 
RMAGM 
RFLOM 
RFACH-1 
RFLOL 
RFACH-2 
M i  2 
E 
H P l t 2  
RNTR 5 t,2 t -2 
RFACM- 1 
RFACH-2 
RFACM- 1 
RFACM-2 
R F L O l  
RFACH-2 
RNTRSt 29 1 
( N l t l  
RSUH 14 
RN 
RNPRZ 
H P l r Z  
M P l t 4  
RMPR I 

REVEN 
RK 0 
R S A V 2 i  2 
R S A V 3 1 4  
M t  4 
E 
*+1949\-1 
RN 
R 0 - 5  

R I D E L - 1  
RFLO 1 
RIDEL-2  
R F L O l  
R IDEL-3  
RSUMS 
RIDEL-2  

N EVEN 
N ODD 
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:? 

P 

n 

/I 
\ 

r\ 
I.. . ' 

FMP 
S W  
CL A 
FAD 
S'T'O 
T I X  
CLA 
FDP 
SJQ 
L X A  

RNTR2 LDQ 
FHP* 
F A 0  
STO 
C t  A 
F S B  
STO 
C L A  
FAD 
STO 
FAD 
S T;O 
CL A 
F A D  
STO 
LDQ 
FMP 
STO 
LOO 
FHP 
FOP 
FMP 
CHS 
STO 
T I X  
E12 T 
T!?A 
TX I 
T X L  

RSAVL AXT 
RSAV3 AXT 

CLA 
TRA 

4 f O e  
C L  A 
FAD 
STO 

ADO 
S t O  
L B T  
TRA 
TX I 
T I X  
NL T 
TRA 

REVEN C t A +  

cLa 

R I D E L - 3  
R I D E L - 2  
RIDE&-3 
R F L O l  
R I D E L - 3  

R IOEP-2  
RFACM-1 
RAO 
HPir2 
RAO 
DELX,2 
RSUM 5 
R S W S  
RFLOM 
TW(0 
RFACH-2 
R I D E L - 1  
RK 0 
R I O E L - 3  
R F L O l  
R I D E L - 2  
fH0 
R F L O l  
M O  
RKO 
R I D E L - 2  
RTEMP 
RFACM-2 
R I D E L - 3  
RTEHP 
RAO 

RNTR3 r.4 e. 1 

RAG 
R N T R 2 r - 2 t l  
E 
P S A V 2  
-11 2,.-I 
RNTRZt2 ,O  

**e4 
R S W S  
REVEN+1 
OELX, 2 
OELY ,-4 
RN 
RFLOL 
RN 
RNPR I 
R F I X l  
RNPR I 

**t 2 
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TOS 9 23 SEPT 64 HARK 29 
'q 

TX I 
T X L  

RNTR4 T I X  
TSX 

R X - 5  AXT 
A X 1  
AX T 
TRA 

RMAGN OCT 
R0.5 DEC 

RFLOL DEC 
RFLOf l  PZE 

RN P Z E  
RKO PZE 

R I D E L  8ES 
RSUHS PZE 
RFACM BES 

RAO P L E  
RTEMP QZE 
R N P R I  PZE 
R F I X l  PZE 
RUPDA SXA 

SXA 
SXA 
L X A  
SXD 
AXT 

RUPO L X A  
R U P l  CLA+ 

STO. 
T I X  
TSX 
TX I 

RUP2 T X L  
RUP3 AXT 

A X 1  
AX T 
TRA 

*+1141-1 
R N f R 0 9 4 1  O 

R U P D A i 4  

**t 1 
**r2 
11 4 
233000000000 
0.5 
1.0 

RNTR 1 1.1 1.1 

FLOAT fl 
N 
K 

3 

3 

1 
R U P 3 r 4  
R U P 3 + l r  1 
RUP3+2s 2 
M P 1 1 2  
RUPZr.2 
01 2 
( N I i  1 
DELY, 2 

R U P l i . ' l r  1 
UPDATpa4 
RUP21 2 9 1  
RUPOv 21 0 
**, 4 
**ll 
* * 1 2  
11 4 

Y DOT 

SUBR TO OBP&IN D E R I V A T I V E S  FROM DIFFERENCES 
TSX R S U M t 4  

* NORMAL RETURN 
RSUM SXA R ' IRSt  4 

SXA R I R S + l l  1 
SXA R I R S + 2 r  2 
NZ T E 
TRA REO 
AX 1 11 2 
CL A MP 1 
STA RSUM 1 
S I A  RSUM2-1 

RECH CLA R A O D S I - ~  
SIT A RSlJM3 

SEA RSUM4 
CL A RAODS-I  @ 2 

SPA R W M 7  
L X A  IN11 1 

R S U H l  AXT 01 2 
I R l = ( N )  
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S X D  
AXT 

RSUM2 AXT 
RSWM3 CLA* 
RSUH4 F S B t  
RSUM7 STD* 

T X I  
RSUM6 TXL 

L X U  
TX I 
SXD 
T f X  
T I X  

R I R S  A X T  
AXT 
A X 1  
T R A  

REO C L A  
STA 
STA 
A X T  
T R A  
PZ E 
PZ E 

R A D D S  P Z E  
TGLO SYN 

EN0 

23 SEFT 64. 

RSUPlbr 2 
O r 4  
1 s  2 
QELXwlr 2 
OELX, 2 
QELX, 2 
RSUMbr2rl 
RSUM3,.2r** 
R S U M  9.2 
*+1, z*-1 
RSUt46r.2 
R S U M 2 r . 4 r  1 
R S U H l * l r  1 
+*,4 
*** 1 
**,2 
l r  4 
M 
RSUM 1 
RSUMZ-1 
0s 2 
RECH 
D E C X I . 1  
OELX 
DELX-1 
TGO 
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SIBMAP CLR 

ENTRY 
CLEAR SAVE 

B E G I N  CAL 
AN A 
T NZ 
CL A 
STA 
SUB 
TM I 
PAX 
STL* 
T I X  
AXT 
STZ * 
T X  I 

RETRN RETURN 
LOC P Z E  

END 

23 S f P T  64 

SUBROUTINE TO CLEAR MEMORY LOCATIONS 
CLEAR 
It214 
TEST FOR END OF ARGUMENTS 
394 
=0777777000000 
RETRM 

LOC 
3s 4 
* * 5  
*=, 1 
L oc 
- 1 , l r . l  

LOC 
8EGINv 41-2 
CLEAR 
**s 1 

4T4 

01 1 

8-100 

- 

CLR 0 1  I 
(1) 

I 

I 

0 ;  

n, j 

j 

i 

n 
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P 

SIBMAP EMK 
* CALL EHARK(HC*RG6RRl  

ENTRY EHARK 
EMARK SAVE 11 2r4 

EXTERN HC 
EXTERN RGERR 
CLA HC 
STO+ 3s 4 
CL A RGERR 
STO* 4s4 
RETIRN EMARK 
END 

O 1  1 EHK 
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SIBMAP S W X  
*TO44  FORTRAN IW SET UP ROUTINE FOR JP-MARK 
* 
* 
* 

* 
* 

SHARK 

SWN 

STRG 

CALY: 
ETC 
ET C 
frc 
ENTRY 
SAVE 
T X I  
C A L +  
ALS 
ORA 
SLCl 
CL A 
ADD 
STA 
ADO 
SXA 
ADD 
STA 
ADO 
SXA 
Sff 
CLAW 
ALS 
SIEO 
CCA 
S t A  
CLA 
STA 
CLA* 
STO 
EXTERB 
cur, 
SlQ 
EXTERN 
C L  A* 
STO 
EXTERN 
CLA* 
S i 0  
EXTERN 
CL A* 
ST3J 
EXTERN 
STiZ 
EXTERN 
AXT 
CL A 
ANA 
TNZ 
CLA 
CAS 
TRA 

PROGR&MMER*RmGOODBLL 
ASSEMBLED-MARCH 17,1964 
MAP-7044 
SHARK 4% lNDr  NeHBANK-3 SNRTN 9 NTRG , EU t E t  iHHX i HMNI YL t 
LVlt KVL,. 
LVtrTY2, .  
UP TP TEN TRIGGERS 1 
SHARK, 
1 ~ 2 ~ 4  
+ + I s  4s-2 
1 s  4 
15 
AOER 
CHARK+2 
3t 4 
=3 
CHARK+l 
= I  
STON 
=l 
A I N V  
=l 
*+l 

21 4 
18 

4t 4 
NRTN 
5r 4 
NTRG 
bt 4 
EUBAR 
EUBAR 
7r 4 
ELBAR 
ELBAR 
01 Q 
HMAXT 
HHAXT 
9t 4 
M I N T  
HPd lNT 

YCLOW 
YCLOW 
RGERR 
U E R R  
01 1 
l L r 4  
=077m77 
ENTRG 
1114 
k l N V  
*+2 

*i t  

** 

101 4 

00 

DER 110 t DER2 

00 

INDEPENDENT VARIABLE 

8-103 
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CLA 
ALS 
STO 
CL A 
SSP 
STO 
CLA 
S f  A 
T X I  
T X l  
TX I 

ENTRG CLA 
SSP 
CHS 
STO 
TX I 
TXH 

CMARK TSX 

TRG 

€OS 

DER1 

OERZ 

GT RG 
EX I T  

EXTERN 
PZ E 
PL E 
1 R A  
PL E 
PZ E 
PZ E 
PZ E 
PZ E 
PZ E 
PZ E 
Pi? E 
PZ E 
PZ E 
PZ E 
PZ E 
PZ E 
PZ E 
PZ E 
PZ E 
PZ E 
PZE 
PZ E 
PZ E 
PZ E 
C L  A 
TRA 
CLA 
TRA 
C L  A 
TRA 
CL A 
SXA 
SXA 
SXA 
STO* 
RETWRN 

T R A 1 4  AXT 
L X  A 

23 SEPT 64 

=O 
18 
TRGI 1 
TRGt 1 TURN ON TRIGGER 

TRG, 1 
1 2 r 4  
TRG+ 1 9- 1 
*+l, 1,-2 
CHARK t . l S . - Z O  
STRG, 4s-2 
TRG, 1 TURN OFF R E M A I N I N G  TRIGGERS 

TRG, 1 
*+l, 1,'-2 
ENTRGt 1 r-20 
MARK 9 4 

**, 0 ,  €OS 
D E R l t r D E R 2  
EMARK 
T R G i  

H mu 

TRG2 

TRG3 

TRG4 

TRGS 

TRG6 

TRG7 

TRG8 

TRG9 

T R G l O  

=1  
EX I T  
= 2  
E X I T  
=3 
EX I T  
=4 
1x494 
I X l r l  
IX2.2 
NRTN 
SMARK 
0 ,  0 
1 x 4 ~ 4  
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L X A  
L X A  
I R A  
ENTRY 

T R A 2 4  AXT 

* 

ON 

4 

OFF 

T R G l  

TRG2 

TRG3 

T R G i  

TRGS 

TRG6 

T RG7 

T RG8 

TRGS 

L X A  
L X A  
L X A  
TRA 
ENTRY 
CALO 
ENTRY 
SAVE 
C L A +  
AL S 
PAC 
CL A 
SSP 
STO 
RETURN 
C A L L  
ENTRY 
SAVE 
C L A +  
AL S 
PAC 
CL A 
SS P 
CHS 
STO 
RETURN 
CC A 
TRA 
C t A  
TRA 
CL A 
TRA 
CL A 
TRA 
CL A 
TftA 
CLA 
TRA 
CL A 
TRA 
C L A  
TRA 
CLA 
TRA 

TRGLO CLA 
ETRG STO+ 

C L  A 
TRA 

EMARK C L A  
TRA 

1x1  P L E  
xx2 PZE 

23 SEPT 64 

I X l r - 3 .  
I X 2 t  2 
rt 4 
T R A 1 4  
01 0 
ix4t4 

L X 2 r  2 
2 r  4 
TRA24 
ON t NBPRG 1 
ON 
f r  2te 
3 r  4 
1 
**r 1 
TRG- 2 1.1 

r x i t r  

T R G- 2 r. f 
ON 
OFF(NOTRG) 
OFF 
1 1 2 ~ 4  
3 r  4 
1 
**s 1 
TRG-2l-1 

TR G- 2 e. i 
OFF 
= L  
ETRG 
=2 
ETRG 
=3 
f T R G  
=4 
ETRG 
=5 
ETRG 
=6 
ETRG 
=7 
ETRG 
=8 
ETRG 
=9 
ETRG 
=10 
NTRG 
=4 
E X I T  
=5 
EXXT 

SHKl 03 
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I 8-106 

1x4 PLE 
AOER F L E  DER 1 e 0 I DER 2 
A I N V  F Z E  
NRTN P Z E  
NTRG P Z E  

END 

SHKl 04 A 
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SIBMAP A T H l  
REM U- So STANDARD ATMBSPHERE s 1962 

A - H A L T A I S  R&Y-THEON 
REM 
RE# 
REM 
REH 
EXTERN ALOG 
EXTERN EXQ 
EXTERN 4URT 
ENTRY ATN 

ATE4 SAVE I s 2 1 4  
TX I ++114?.-2 
LDOu 1 e  4 
FHP f W  CONVERT A L T I T t i O E  TO K I  LOMETERS 
sT.0 L 
CLA 21-4 
PAC *+,2 
LXA ALTMPL 
CLA L 
CAS ALTM+22 
TRA ++3 
TRA *+Q 
TRA ++.S 
STZ 01 2 
STL I? 2 
STZ 21 2 
TRA F I N  
CAS ALTH+9 
TRA OVER90 GEOMETRIC ACT G R ( 9 O ' K M I  
TRA s + l  GEOMETRIC ALT=IPOKM) 
REM 
RfM C U W U T f  CEOPDTENTIAL A L T I T U D E  
REM 
F A D  RE 
SXQ TEMP ( R E + Z I  
C L A  2 
FDP TEMP 
FMP RE 
STO H 
CAS A t T H + l r l  
T X I  *l**l#-l 
T X I  ~ - Q , . l ~ - l  
FS8 ALTM,& 
ST0 T E H P + l  
Lf)Q M a w €  
FHP &ZERO 
STO TEHP+2 
REM 
LDQ 'JEWP+I 
FMP t M , l  
FAD T M 1 1  
STO TM 
REM 
REM COHPUTE SPEEO OF SOUNO 
REM 
L D O  rn 

GEOMETRIC A L T  GRt7OOKMI 
GEOMETRIC ALT=I?OOKM) 
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FHP GWOVR 
STO AR G 
CALE SQRTt ARG 1 
STO '21 2 
REM 
REM COMPUTE PRESSURE FOR A L T f T W E S  LESS THAN 90KH 
REM 
CLA L M e 1  
T L  E a 1  
LDQ LEI91 
FMP T E H P + l  
FAD TMKr.1 
FDP THKt-1 

CALL ALOG( TEMP 1 
S T 4  TEMP 

FDP L M t l  

A I  CL A T E # P + 1  
TRA *+3 

FDP THKt.1 
FMP TEMP+2 
CHS 
FAD L O G o P o e l  

SAME STO AR G 
CALL: EXP ( ARG 
STO TEMP 
LDQ TEMP 
FMP PCOMF 
SJO O t  2 
REM 
REM COHPUTE D E N S I T Y  
REM 
CLA TEMP 
FDP TH 
FHP M W R  
STO TEMP 
LDQ TEMP 
FHP DCONF 
STO 1t 2 
CLA RE 
FAD 2 
STO Z B  

STO TEMP 
LDQ TEMP 
FMP MCONF 
STO raw 
CLA 11 2 
FOP TEMP 
STO 11 2 
REM 

F I N  RETURN ATH 
REM 
REM 

TSX G E T G . 4  

OVER90 CAS ALTM+lOs 1 
TX I *-1,.'11-1 
T X I  *-2t l t - l  

I FSB ~ ~ r u + 9 ~ i  
8-108 
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STO TEMP+l 4 t-L0 1 

LDQ T'EMP+l 
I REH 
n 

FMP tM.+8*1 
FAD T H K + 9 * 1  n STO TM 
REM 

FAD RE 
CLA A L T H + 9 r l  P .  
sro LB 
CLA THK+991 

3 FOP CH+8,*1 
STQ TEMP 
CL A ~883.99 

REM 
TSX GETGS-4 
FDP TEMP 
STQ TEMP+2 
CLA TEIIQ+1 
FDP FL2 

I SXQ TEHP+4 
CLA TfMP+4 
FAD 2 8  
STO LB 
CLA TEMP ' P  FAD TEMP+4 
STO 7EHQ+3 
TSX 6EiG.4  
FOP TEHP+3 
STQ TEMP+3 
C l A  TEMP+3 
ADD C2 
FAD TEMP+2 
SEO TEMP+2 
CLA t 8  
F A D  TEMP+4 

CLA TEMP 
FAD T L W + l  
510 WEMF+3 
TSX CEPG;c4 
FDP TEPlP+3 
SXQ VwIP+3 
CLA TEMP43 
FAD TEMP+2 
FOP FL3 
F H P  TEUP+4 
F O P  L#+8*1  
F N P  ) d W R  

P S TO 21 2 

r\ 

A 

r\ 

P 

P 

A 

C T I I  -.c. 
3 1 U  LO ," 

PI 

n 

(1 
C .  

P CHS 
FAD LOG - P +9 1 

I 

TRA &AM€ 
' >  Pt R E H  

REM 
GETS CDQ GCON2 

FMP LB n 

ATHl  03  
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i 

A T # l  04 ! 

c - 1  

ALTH 

T MK 

LH 

STO TEflP+5 
CLA RE 
FDP 28 
STQ TEMP+6 
f#P TEMP+6 
STO TEMP+6 
LDQ J 
FEIP GCON1 
STO TEMP+7 
LDQ TEMP+6 
FMP TEMP+? 
FAD F L l  
STO TEMP+6 
CLA GM 
FOP ZB 
FMP TEMP+6 
FOP ZB 
STQ TEMP+6 
CLA TEMP+6 
FSB TEMP+5 

REM 
REM ALTITUDE I N  KILOMETERS 
REM 

T R A  1 9 4  

DEC 
DEC 90-~1OO-t11O-t 1 2 0 ~ ~ 1 5 0 ~ ~ 1 6 0 0 ~ ~ 1 7 0 ~ ~ 1 9 0 ~  12300 
DEC 

0rnt -L l - t  200, 32,1470 9 52-961- 979- 9 88-75 

3100 o t 4000 &OO- t 600- 9 700- 
REM 
REM MOLECULAR SCALE TEHPERATURE(0EGREES K E L V I N )  
REM 
DEC 
DEC 180165,180m65 
DEC 
DEC 

288 e 15,2 16- 65e.2 16-65 9 228- 65 9 270-65 9 270- 65 t 252 65 

1800659 210- 65t.260- 65 9 360- 659 960- 65 9 111 0-65 9 1210 -65 
1350-65t  I550 -659 18300 659 21600 65 9 2420-  65 92590- 65 

DEC 2700065 
REM 
REM GRADIENT (OEGREES KELVINt/KILOMETER 
REM 
DEC ~ 6 - 5 0  0 .  t 1- 
DEC 

2089 0-  9-2- 9 - 4 0  9 O m  
3 -  9 5 -  e 10- 20- 9 15- 9 10- 9 70 9 5 - 9  40 9 30 3 t 20 6 9 1 7 9 1 o 1 

REM 
REM LOG(PRESS1 IN NEWTON/METER**2 
REM 

COGmP- OEC 1 L ~ 5 2 6 0 8 8 ~ . 1 0 ~ 0 2 7 1 2 0 ~ 8 ~ 6 0 7 9 2 3 8 ~ 6 ~ 7 6 6 2 0 7 8 ~ 4 ~ 7 0 8 ~ ~ ~ ~  
D6C 4-0775459,.2-9019652, m37006687E-1 e-- 18055744E1 
DEC ~ o 1 8 0 5 5 7 4 4 E 1 ~ - 3 o 5 0 4 0 6 1 1 ~ ~ 4 o 9 ~ ~ 5 6 6 ~ ~ 5 o 9 8 2 8 Z ~ O  
DEC ~79588638O9~7m 9035492,-80 18336749-80 6884560 
DEC ~ 9 - 5 7 2 6 8 8 5 ~ - 1 0 o 8 2 9 6 3 4 ~ - 1 2 o 4 2 1 6 4 S ~ ~ 1 3 - 7 2 4 1 1 ~  
DEC c 14-8796639 c 15 94263 1 
REM 
REH 

DCONI; OEC boPbP7755LE-5 
PCON6 DBC 2oQ8854676Era2 
VCONfj DEC 3-2808399 
FTKM DEC 3-048E-4 
GZERO DEC 9,80665 M /  5ec-2 
HOVR DEC 3048367 

1 3 ;  
I 

I !  
I 

A ,  
! 

I 

? '  i 

n 

rs 

n 

9 

(7 

n 
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GMOVR 
RE 
GM 
3 
GCONl  
GCOM2 
z 
A 
H 
TH 
z0 
FoOOf 
FL1 
FL2 
Fi3 
c2 
TEMP 

ARC 

DEC 4325.74631 
DEC 637801’78 
DEC 309832213E8 
DEC lo’6234950E-3 
DEC -48994698 ( 3 * ( S d N ~ P S 1 ) ) * * 2  - 1) 
OEC 2-b765661E-7 (OMEGA**Zl*(COS(PSI 1 )*e2 

GEOMETRIC ALT 

GEOPOTENTIAL ALT 
MOLECULAR SCALE TEMPERATURE 

06C boa1 
DE,% 1. 
OEC 2. 
DEC 30 
OCT 20Oo1r)80oQo 
BSS 8 
PZ E 
END 
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S IBMAP 
* 
i 

0 I L i N  

8LN1 

* 

8LN2 

6LM3 

BLNE 

CALL 
ENTRY 
S A V E  
CLA 
STA 
ADD 
5r A 
CLA 
SXA 
ADD 
STA 
CLA 
S f O *  
AX T 
CLA*  
CAS+ 
TRA 
TRA 
TX I 

TRA 
TRA 
T X  I 
CLA* 
FSB*  
SPO 
CLA*  
F S B t  
FOP 
STQ 
SXA 
L A C  
SXA 

CL A 
CAS 
TRA 
TRA 
STZ 
CLA 
STO* 
TRA 
CAS 
TRA 
TRA 
TRA 
CLA 
STO 
CLA 
STO. 
T X  I 
CLA*  
CAS* 
TRA 
TRA 

CAS+ 

23 SEPT 64 B L N l  

B I V A R I A T E  L I N E A R  I N T E R P O L A T I O N  

B I L I N  
11 21 4 
5 0  4 
XTAB 
=l 
X T A B + l  
71 4 
Y T A B  
31 
Y T A B + l  
71 
3t 4 
00 1 
X T A B + l  
XTAB 
*+ 3 
*+2 
B L N l t  11 1 
41 4 
BLN 1 
BLN 1 
*-89 1 9 . - 1  

X T A B + L  
XTA8 
TEMP 
41 4 
XTAB 
TEMP 
DELX 
NX? 1 
NX12 
NXi 2 
OFF TABLE DETERHINATJON 
DEL X 
=-om0 
8LN2 
B L N 2  
OELX x LOW 
=2 
31 4 
B L N 3  
= l o 0  
*+3 
0LN3 
8LN3 
=l.O 
DEL x 
= 3  
31 4 
*+ll l . e - 1  
X T A B t l  
X T  AB 
+- 3 
*- 4 

8 f L I N I N ERR 1 X t *X  TAB I Y 1 YTAB 9.21 921 TAB 22 , E2 T A 8  1 ET C 1 

MORHAL RETURN I N D I C A T O R  

%TABLE LOOK UP 

X 

X 

X H I G H  

NO- OF VALUES IN X TABLE 
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B L N 4  

BLNS 

8LN6 

BLN7 

SXA 
L A C  
T X  I 
S X A  
AX T 
CLA+ 
C A S I  
TRA 
TRA 
T X  I 
CAS? 
TRA 
TRA 
TX I 
CL A* 
FS B* 
StO 
CLA? 
FS8* 
FOP 
STQ 
SXA 
L A C  
SXA 

C L A  
CAS 
TRA 
TRA 
ST1 
CLA 
STO* 
TRA 
CAS 
TRA 
TRA 
TRA 
C L A  
STO 
CL A 
S M +  
LOO 
MPY 

C L  A 
ANA 
TNZ 
C L  A 
Sjf A 
ADO 
ST A 
C L A  
ADD 
PAC 
C L  A* 
S T-0 
CLA* 

s m  

23 SEPT 64 

NXTABs-1 
N X T A B t 2  
* + l r  2..1 
N X T A B i  2 
0. 1 Y TABLE LOOK UP 
YTAB+L 
YTAB 
*+3 
*+2 
BLMi'. 1.1 
6r 4 Y 
ELN4 
BLN4 

YTAB*1  
Y T A B  
TEMP 
614 
YTAB 
T EM? 
OELY 
NYrl 
NY12 
NY.2 
OFF T R 8 L E  DETERHINATION 
D E W  
=-O.O 
0LN5 
ELF45 
OELY 
=4 
39 4 
B L N 6  
=1*0 
*+3 
0LN6 
BLN6 
=1.0 
DELY 
= 5  
31 4 
MXTAB 
MY 
NXNY 
0 9  4 
=0?7rt"r77OOOOOU 
8LN8 
9. 4 
ZTAB 
= I  
Z T A B + l  
NXNY 
NX 
**. 1 
Z T A B  
21 
L T A B + l  

-8 .  li*-l 

Y 

Y LOW 

Y HIGH 

A 
i 

I,- 

,- 

r-. 
' .  

P 

r 

r 

r- 
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STO 
CL A 
ADD 
ADD 
PAC 
CLA* 
S X O  
CLA* 
STO 
CL A 
FSB 
ST0 
LDQ 
FMP 
FAD 
S T O  
C L A  
FSB 

I STO 
LDQ 
FHP 
FAD 
FSB 
STO 
L O Q  
FMP 
FAD 
STO*  
TX 1 

BlN8 RETURN 
XTAB PZE 

PZ E 
YTAB PZE 

PZ E 
ZTAB PZE 

I PZ E 
TEMP PZE 
OECX PZE 
OECY PZE 
NX PZ E 

NXTAB PZE 
NXNY PZE 
z 1  PZ E 
22 PL E 
23 P t  E 
24 P t E  
Zlf PZE 

END 

' NY PZ E 

23 SEPT 64 

22  
NXNY 
NX 
NXTAB 
*** 1 
t T A 0  
23 
Z T A B + l  
L4 
2 2  
2 1  
TEMP 
TEMP 
OELX 
21 
212 
24 
23 
TEMP 
TEMP 
OELX 
23 
2 1 2  
TEMP 
TEHP 
DEL Y 
2 1 2  
8.4 
BLN7.4.-2 
B I L I N  
**, 1 
*** 1 
*** 1 
**, 1 
+*, 1 
*** 1 

8-114 
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% I B M A P  L I N l  

ENTRY 

C L A  
STA 
L A C  
TX I 
SXD 
CLA 
sr A 
AOif 
SFA 
L X A  

CAS? 
TRA 
TRA 
TX I 
CAS* 
TRA 
TRA 
TX I 

H2 T X H  
T X  I 

143 CLA* 

MULG SAVE 

M i  C L  A* 

FSB* 
SlrO 
CLA* 
FSB* 

T Z E  
TM 1 
CAS 
TRA 
NOP 

OK FOP 
STQ 
C L  A 
STU? 
I R A  

LOW CCA 
sro* 
SXZ 
TRA 

HIGH CCA 
STO* 
CLA 
S r.0 

H7 T X  I 
C L  A 
ANA 
T Z  E 

sro 

HULG 
f 
3 r  4 
*+ 1 
**, 1 
*+ 1.3 t.1 
M 2 r  1 
6, 4 
XTAB 
=1835 
X T A B l  
z0335r.1 
X T A B l  
X T A B  
*+3 
* + Z  
H 3 r 1 1 1  
5r 4 
H 3  
H3 
*+ 1,r ).- 1 
M l r  l r * *  
*+I, It1 
X T A 0 l  
X T A 0  
D 
51 4 
XTAB 
D E L T A  
*+2 
LOW 
D 
HIGH 

0 
D E L T A  
=1835 
4 r  4 
M 7  
=2835 
4, 4 
D E L T A  
H f  
=3B35 
4 s  4 
=Z.O 
D E L T A  
*+l,  49-6 

NOEP 

IXl=-NDEP 

XTAB+€ 1 1 
XTAB 1 
XTAB LESS THAN X T A B + l  
XTAS EQUALS X T A B + l  
X T A 8  GREATER THAN X T A B + l  
X 
X L E S S  THAN XTAB+1 
X EQUALS X T A B + l  
X GREATER THAN XTAB*1 
TXH Mlrlr-MDEQ+l 

X T A B +  1 p 1 
XTAB r 1 

X 
X T A B r l  

1 9 4  P Z E  Y 
=0777777000000 
M 9  

RETURN MULG 

STA YTAB 
A00 =le35 

H9 CL A 2s 4 
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M8 

D 
D a T A  
XT A 8  
XTAB1 
YTAB 
Y T A B l  

ST A 
CLA* 
FS B* 
STO 

FMP 
FAD* 
STO+ 
TX I 
PZ E 
PZ E 
PZ E 
PZ,E 
PZ E 
PZ E 
END 

Loa 

23 SEPT 64 

Y T A B l  
Y T A 0 l  YTAB+1 
YTAB Y TAB 
0 
D 
RELTA 
YTAB YTAB 
1 9  4 Y 
M7+ 1.1 4 r  -2 

XTABi  1 
X T A B + l r  1 
YTABr 1 
Y T A B + L l 1  
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Appendix I 

MARK INTEGRATION ROUTINE 

I DENT1 F I CAT I ON 
MARK: Adams-Moulton, Runge-Kutta I n t e g r a t o r  

Donald E. Richardson ,  George Gianopulos ,  2/19/62 
Je t  P r o p u l s i o n  Labora tory  

IBM 7090 - FAP 
ABSTRACT 

MARK is a c l o s e d  s u b r o u t i n e  des igned  t o  s o l v e  t h e  f i r s t  n of  
a s e t ,  N ,  of f i r s t  order d i f f e r e n t i a l  e q u a t i o n s  s i m u l t a n e o u s l y  
u t i l i z i n g  Adams-Moulton open or open and closed formula  t y p e s .  
A Runge-Kutta 4 t h  o r d e r  i n t e g r a t o r  is used  as a s t a r t i n g  r o u t i n e  
t o  g e n e r a t e  backward d i f f e r e n c e s  i n i t i a l l y .  P r o v i s i o n  is made 

f o r  i n t e r r u p t i n g  t h e  i n t e g r a t i o n  p r o c e s s  a t  s p e c i f i e d  v a l u e s  
of e i t h e r  t h e  independent  or t h e  dependent v a r i a b l e s .  The o r d e r  
of d i f f e r e n c e s  (m) used i n  t h e  Adams-Moulton mode is less t h a n  
or e q u a l  t o  n i n e  (9) (m1.9) 

RESTRICTIONS 
~~ 

1, MARK w i l l  n o t  i n t e g r a t e  backwards i n  t h e  independent  
v a r i a b l e .  The nominal s t e p - s i z e ,  H ,  must be p o s i t i v e .  Changes 

I i n  H must be accomplished by t h e  use  of a "doubling" or "ha lv ing"  

I p r o c e d u r e  i n  MARK t h a t  w i l l  double ( s e t  H = 2H) or h a l v e  ( s e t  H = 

0-5H) t h e  i n t e g r a t i o n  s t e p  s i z e ,  
2 .  Underflow and over f low a r e  n o t  checked i n t e r n a l l y ,  
3. The u s e r  must p rov ide  t h e  n e c e s s a r y  i n t e r r u p t i o n  sub-  

r o u t i n e s ,  a n  a u x i l i a r y  program t o  e v a l u a t e  t h e  n f i r s t  o r d e r  
d e r i v a t i v e s ,  and a bank of s t o r a g e  f o r  i n t e r n a l  c a l c u l a t i o n s .  

4. T h i s  is a FAP program and is n o t  FORTRAN compa t ib l e .  - 
METHOD 

1, MARK p e r m i t s  t h e  u s e r  t o  s o l v e  t h e  N d i f f e r e n t i a l  

I e q u a t i o n s  by one of t h r e e  o p t i o n s :  
a .  Runge-Kutta 4 t h  o rde r  
b o  Adams-Moulton w i t h  a f i x e d  s t e p  s i z e ,  H ,  and t h e  

a b i l i t y  t o  a l t e r  H by t h e  doub l ing  and/or  h a l v i n g  
p rocedure  u s i n g  Runge-Kutta t o  i n i t i a l l y  g e n e r a t e  

I- 1 
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backward d i f f e r e n c e s  T h i s  a p p l i e s  e i t h e r  a 
p r e d i c t o r  or a p r e d i c t o r  w i t h  q c o r r e c t i o n s  (open 

o r  open /c losed  t y p e  f o r m u l a s ) .  
c .  Adams-Moulton a s  mentioned i n  b u s i n g  a n  a u t o m a t i c  

v a r i a b l e  s t e p  s i z e  c o n t r o l .  Halv ing  and d o u b l i n g  

a r e  c o n t r o l l e d  a u t o m a t i c a l l y .  The c o r r e c t i o n  formula  

is a p p l i e d  on ly  once .  These methods w i l l  be d e s c r i b e d  
i n  f u r t h e r  d e t a i l  i n  Appendix A .  

2.  Both t h e  independent  and t h e  dependent v a r i a b l e s  are  
a u t o m a t i c a l l y  c a r r i e d  i n t e r n a l l y  i n  p a r t i a l  double  p r e c i s i o n  t o  
c o n t r o l  round-off e r r o r  l o c a l l y .  The u s e r ,  however, w i l l  re- 
cogn ize  t h e  v a r i a b l e s  o n l y  as s i n g l e  p r e c i s i o n  q u a n t i t i e s .  How- 
e v e r ,  t h e  u s e r  may c a r r y  t h e  independent  v a r i a b l e  i n  f u l l  double  

p r e c i s i o n  by o p t i o n .  

USAGE 
1. C a l l i n g  Sequence: 

CALL MARK or TSX $MARK,4 
PZE HBANK , P EOS 

PZE DER1,  +, DER2 

ERROR RETURN 

Pfx B l , , Y l  

PZE Z 1  

Pfx  B2,,Y2 
PZE 22 

Pfx  B J , , Y J  

PZE Z J  

PZE 0 
where t h e  symbols a r e  d e f i n e d  a s  f o l l o w s :  

HBANK - The l o c a t i o n  of  a bank of s t o r a g e  t o  be  d e s c r i b e d  below. 
0 - The independent  v a r i a b l e  is c a r r i e d  i n  p a r t i a l  double  

p r e c i s i o n  ( s i n g l e  p r e c i s i o n  t o  t h e  u s e r ) .  
1 - The independent  v a r i a b l e  is c a r r i e d  i n  f u l l  doub le  

p r e c i s  i o n  
I- 2 



EOS - 

D E R l  - 

DER2 - 

A 

11 

The l o c a t i o n  of a u s e r  "end o f  s t e p "  r o u t i n e .  T h i s  

r o u t i n e  must t e r m i n a t e  w i t h  a TRA 1 , 4  command. I t  is 
used  t o  e v a l u a t e  v a r i a b l e s  t h a t  are needed on ly  a f t e r  
a f u l l  i n t e g r a t i o n  s t e p  is completed.  

The l o c a t i o n  of t h e  e n t r y  t o  t h e  u s e r ' s  d e r i v a t i v e  
r o u t i n e  t h a t  carries o u t  a l l  c a l c u l a t i o n s  t h a t  i n v o l v e  
t h e  independent  v a r i a b l e .  T h i s  r o u t i n e  must t e r m i n a t e  

w i t h  a TRA 1 , 4  command,, 
The l o c a t i o n  of t h e  e n t r y  t o  t h a t  p o r t i o n  o f  t h e  u s e r ' s  
d e r i v a t i v e  r o u t i n e  t h a t  carries o u t  a l l  c a l c u l a t i o n s  
t h a t  do  n o t  i n v o l v e  t h e  independent  v a r i a b l e  b u t  are 
r e q u i r e d  t o  e v a l u a t e  t h e  d e r i v a t i v e s .  

-- 

s i m p l e  example of t h e  use  of D E R l ,  DER2 f o l l o w s :  

Suppose w e  are  t o  s o l v e :  

- dy = ax2 t by 
dx 

Then : D E R l  ax2 

I- - - -t 
I DER2 by I 

- dY I 

I dx I 
I 

TRA 1 , 4  1- - - -I 

Thiis the DER1 e n t r y  c a l c u l a t e s  t h e  e x t r a  t e r m  i n v o l v i n g  t h e  
independen t  v a r i a b l e  x. T h i s  p r o v i d e s  a s a v i n g  of r ea l  machine 
t i m e ,  p a r t i c u l a r l y  d u r i n g  t h e  Runge-Kutta phase  of i n t e g r a t i o n ,  

b u t  a l s o  s a v e s  machine t i m e  when t h e  c l o s e d  t y p e  formula is used  
w i t h  Adams -Moul t on i n t e g r a  t i o n  

0 - Adams-Moulton i n t e g r a t i o n  w i t h  f i x e d  s t e p  s i ze  
2 - Runge-Kutta i n t e g r a t i o n  only 
4 - Adams-Moulton u s i n g  a u t o m a t i c  v a r i a b l e  s t e p  s ize  c o n t r o l  
The p a i r s  of  l o c a t i o n s  i n  t h e  c a l l i n g  sequence  s p e c i f i e d  a s :  

P f x  BJ,,YJ a r e  d e f i n e d  as " t r i g g e r s " .  

PZE ZJ 

*i 
These  t r i g g e r s  are  t h e  l i n k a g e  c o n t r o l  t o  t h e  u s e r ' s  i n -  

t e r r u p t i o n  s u b r o u t i n e s .  The  t r i g g e r s  s t a t e  t h a t  c o n t r o l  is 
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t r a n s f e r r e d  t o  l o c a t i o n  BJ when t h e  c o n t e n t s  of l o c a t i o n  YJ are 
e q u a l  t o  t h e  c o n t e n t s  of l o c a t i o n  Z J .  Thus BJ is t h e  l o c a t i o n  
o f  a u s e r * s  i n t e r r u p t i o n  s u b r o u t i n e ,  YJ is t h e  l o c a t i o n  of a 
v a r i a b l e  be ing  checked,  and ZJ is t h e  l o c a t i o n  t h a t  c o n t a i n s  

t h e  d e s i r e d  v a l u e  f o r  Y J .  
T r i g g e r s  are s e p a r a t e d  i n t o  t w o  (2) classes: 
1. Independent v a r i a b l e  t r i g g e r s ,  called T-s tops ,  These 

t r i g g e r s  i n t e r r u p t  on v a l u e s  of t h e  independent  v a r i a b l e  of 
i n t e g r a t i o n .  A l l  T-s tops  must have YJ = 0. Tha t  is ,  t h e y  must 
have t h e  f o l l o w i n g  fo rma t  i n  t h e  c a l l i n g  sequence  : 

Pfx  BJ 
PZE Z J  

The l o g i c  used t o  e x e c u t e  T-s tops  is as f o l l o w s :  

be a set  of v a l u e s  of t h e  i n -  
dependent  v a r i a b l e  f o r  which 

L e t  ts19 ts2' t s 3 9 e o o e o  t s k  

i n t e r r u p t i o n s  are d e s i r e d .  

MARK sets tm = Min ( t s 1 9  t s 2 9 ° 0 " ' ?  tsk} 

I n t e g r a t i o n  c o n t i n u e s  normal ly  u n t i l  t h e  independent  v a r i a b l e  
reaches t h e  c o n d i t i o n :  

t r l <  
< - 

tm  - 1 

The s t e p  s ize  is set = ( tv+ - t m ) and i n t e g r a t i o n  is carried 
t o  tm where a l l  t h e  v a l u e s  of t h e  v a r i a b l e s  i n c l u d i n g  d e r i v a -  

t i v e s  and end of s t e p  v a l u e s  are c a l c u l a t e d  and c o n t r o l  is t h e n  
t r a n s f e r r e d  t o  t h e  u s e r ' s  c o r r e s p o n d i n g  i n t e r r u p t i o n  s u b r o u t i n e .  
A f . t e r  c o n t r o l  is r e t u r n e d  f r o m  t h e  u se rqs  i n t e r u p t i o n  r o u t i n e ,  
a l l  v a l u e s  are  reset t o  s t a t i o n  t r ) + l  

de te rmined ,  I f  no other  t e x i s t s  w i t h i n  t h i s  s t e p ,  i n t e g r a t i o n  
c o n t i n u e s .  Thus,  i n t e r r u p t i o n  r o u t i n e s  for  a l l  tm w i t h i n  a g i v e n  
s t e p  are  execu ted  before i n t e g r a t i o n  c o n t i n u e s .  T h e r e  is no 

and t h e  n e x t  tm is 

m 

l i m i t a t i o n  on t h e  number o f  T-s tops  p e r m i t t e d  ( e x c e p t  for machine 
s i ze ,  of c o u r s e ) .  

I 

2 .  Dependent v a r i a b l e  t r i g g e r s ,  called Y-stops.  These 
t r i g g e r s  are i n t e r r o g a t e d  a t  t h e  b e g i n n i n g  of a n  i n t e g r a t i o n  
s t e p  and a v a l u e  
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is c a l c u l a t e d  and saved  f o r  each  of t h e  j Y-stops.  A t  t h e  end of 
t h e  i n t e g r a t i o n  s t e p  t h e  d i f f e r e n c e  

r -  - Y j  j -  % + 1  
is c a l c u l a t e d  and t h e  a l g e b r a i c  s i g n  of r is compared t o  1 : 

j j 

j 
I f  s g n  1 .  + sgn  r 

J 
t h e n  t h e  c o n d i t i o n  y = y h a s  occurred  w i t h i n  t h e  i n t e g r a t i o n  

s t e p  and a l i n e a r  i n t e r p o l a t i o n  s e a r c h  p rocedure  is execu ted  t o  
de te rmine  t h e  v a l u e  of t h e  independent  v a r i a b l e ,  t ,  such  t h a t  y 

When t h e  A t c a l c u l a t e d  by t h e  s e a r c h  p rocedure  is such  

j 

t h e n  convergence t o  t is a s s u r e d .  A t  t h i s  p o i n t  a l l  v a l u e s  of 
t h e  dependent  v a r i a b l e  i n c l u d i n g  t h e i r  r e s p e c t i v e  d e r i v a t i v e s  
and any end  of s t e p  c a l c u l a t i o n s  are de te rmined  and c o n t r o l  f o r  
t h e  co r re spond ing  Y-stop is r e t u r n e d  t o  t h e  u s e r ' s  i n t e r r u p t i o n  
r o u t i n e .  I f  more t h a n  one Y-stop t r igger  o c c u r s  w i t h i n  an  i n -  

t e g r a t i o n  s t e p ,  t h e n  t h e  t r i g g e r s  a r e  execu ted  i n  t h e  o r d e r  of 
t h e  s m a l l e s t  v a l u e  of t h e  independent  v a r i a b l e  de te rmined  f o r  
t h e  r e s p e c t i v e  Y-stops.  Thus,  t h e  o r d e r  of e x e c u t i o n  is de- 

t e rmined  by t h e  independent  v a r i a b l e .  A f t e r  a l l  Y-stops w i t h i n  

an  i n t e g r a t i o n  s t e p  have been determined and e x e c u t e d ,  t h e  
c o n d i t i o n s  a t  s t a t i o n  

v a r i a b l e s  and t h e i r  d e r i v a t i v e s  and end of s t e p  c a l c u l a t i o n s ,  

i f  any.  I n t e g r a t i o n  t h e n  c o n t i n u e s  normal ly .  

j 

are r e s t o r e d  f o r  a l l  dependent  % +  1 

Up t o  and i n c l u d i n g  f i f t y  ( 5 0 )  dependent  v a r i a b l e  t r i g g e r s  
are p e r m i t t e d .  However, t h i s  number may be a l te red  by changing 
t h e  s y m b o l i c  card ''OMAR EQU 50" i n  t h e  symbol ic  program deck t o  
t h e  d e s i r e d  number. 

I t  r ema ins  t o  d e f i n e  P fx  of t h e  t r i g g e r  p a i r .  T h i s  is 
u t i l i z e d  t o  pe rmi t  t h e  u s e r  t o  r ende r  t r i g g e r s  " a c t i v e "  o r  
" i n a c t i v e s c e  A c t i v e  means t h a t  a t r i g g e r  is t o  be i n t e r r o g a t e d  

and e x e c u t e d  i f  n e c e s s a r y .  I n a c t i v e  means t h a t  t h e  t r i g g e r  is 
t o  be i g n o r e d .  
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I1 

PZE - t r i g g e r  is a c t i v e  

MZE - t r i g g e r  is i n a c t i v e  

Thus,  i f :  
Pfx  = 

The i n t e r r u p t i o n  r o u t i n e s  provided  by t h e  u s e r  must 

t e r m i n a t e  wi th  e i t h e r  a TRA 1 , 4  command or a TRA 2 , 4  command, 

TRA 1 , 4  is used  when t h e  i n t e r r u p t i o n  does  n o t  c o n s t i t u t e  
a d i s c o n t i n u i t y  i n  any of t h e  c a l c u l a t i o n s .  

TRA 2 , 4  is used when a d i s c o n t i n u i t y  e x i s t s ,  Under t h i s  
c o n d i t i o n  a " r e s t a r t "  p rocedure  is i n s t i g a t e d  by 
MARK by c o n t i n u i n g  beyond t h e  d i s c o n t i n u i t y  p o i n t  
u s i n g  Runge-Kutta u n t i l  a s u f f i c i e n t  number of 
backward d i f f e r e n c e s  are de te rmined  t o  s w i t c h  t o  
Adams-Moulton i n t e g r a t i o n ,  

Comments on t r i g g e r s :  

1. There is no l i m i t a t i o n  on how many t i m e s  a t r i g g e r  may 

2. Care must be e x e r c i s e d  i n  u p d a t i n g  t h e  ZJ of t r i g g e r s .  
be e x e c u t e d ,  

I f  t h e  Z J  are n o t  upda ted  a f t e r  a t r i g g e r  r e t u r n s  control  t o  t h e  
u s e r ,  a machine l o o p  w i l l  r e s u l t ,  s i n c e  MARK w i l l  c o n t i n u e  t o  
r e t u r n  c o n t r o l  t o  t h e  u s e r ' s  r e s p e c t i v e  i n t e r r u p t i o n  r o u t i n e  
on t h e  b a s i s  of t h e  c u r r e n t  ZJ. Thus,  a t r i g g e r  must e i t h e r  be 
updated  or r ende red  i n a c t i v e  t o  p r e v e n t  l oop ing .  

e x e c u t e d  a t  a s i n g l e  p o i n t  ( t . )  t h e  t r i g g e r s  w i l l  be e x e c u t e d  
i n  order of t h e i r  a s c e n d i n g  appea rance  i n  t h e  c a l l i n g  sequence .  

4 .  C o n t r o l  is r e t u r n e d  t o  t h e  error r e t u r n  of  t h e  c a l l i n g  

3. I n  a l l  cases where more t h a n  one t r i g g e r  is t o  be 

J 

sequence  whenever tm 
or when t h e  number of Y-stops exceeds  50. 

( t q  -8, ) 

T h e  e n t i r e  list of t r iggers  must be t e r m i n a t e d  w i t h  

PZE 0 

T h i s  is t h e  end of t h e  c a l l i n g  sequence  f o r  MARK. 

The bank of storage s p e c i f i e d  by t h e  l o c a t i o n  HBANK is as f o l l o w s :  
PZE m 
PZE NH 
PZE ND 

HBANK DEC H 
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PZE N ,  9 n  
DEC t l  
DEC t2 

DEC Y 1  
DEC Y2 

DEC Y N S  
3 N  t 2N (m t 1) f o r  W 0 , 2  

5N t 3 N  (m t 2) for F 4  
BSS 

where :  

m = o r d e r  of d i f f e r e n c e s  t o  be c a r r i e d  i n  t h e  Adams Moulton 
mode, m s 9 ( f i x e d  p o i n t  i n  t h e  address p o r t i o n  of t h e  

word) f o r  @ =  0. 

NH = number of  t i m e s  t o  s e q u e n t i a l l y  h a l v e  t h e  s t e p  s i z e  
i n  t h e  Adams-Moulton mode. ( f i x e d  p o i n t  i n  t h e  a d d r e s s  

p o r t i o n  of t h e  word.) 
ND = number of t i m e s  t o  s e q u e n t i a l l y  doub le  t h e  s t e p  s i z e  

i n  t h e  Adams-Moulton mode. ( f i x e d  p o i n t  i n  t h e  address 

p o r t i o n  of t h e  word.)  
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II 
NOTE 1: 
NH t a k e s  precedence  ove r  N D  and doub l ing  is n o t  e x e c u t e d  

u n t i l  t h e  number of t i m e s  t o  h a l v e  is completed.  I f  

t h e s e  numbers are i n t r o d u c e d  i n i t i a l l y  i n  t h e  HBANK, 

t h e  p rocedure  is commenced a u t o m a t i c a l l y  when con- 
v e r s i o n  from Runge-Kutta t o  Adamx-Moulton is completed, 
NH and N D  are ignored  when u s i n g  t h e  a u t o m a t i c  v a r i a b l e  
s t e p - s i z e  mode. NH and N D  may be set by dependent  
v a r i a b l e  or independent  v a r i a b l e  i n t e r r u p t i o n  r o u t i n e s  
i n  t h e  Adams-Moulton f i x e d  mode. Anytime c o n t r o l  is 
r e t u r n e d  t o  t h e  u s e r  t h rough  an  i n t e r r u p t i o n  r o u t i n e  
t h e  number of t i m e s  h a l v i n g  and/or  d o u b l i n g  have/has  
been completed is a v a i l a b l e  i n  t h e  decrement p o r t i o n  
of NH and/or  N D .  I f  a d d i t i o n a l  h a l v i n g  and/or  d o u b l i n g  

r e q u e s t s  are e n t e r e d  i n  t h e  address p o r t i o n s  of NH and/ 
or ND b e f o r e  a p r e c e e d i n g  r e q u e s t  is comple ted ,  t h e  sum 
of t h e  a d d i t i o n a l  r e q u e s t  and those r ema in ing  uncompleted 
w i l l  be e x e c u t e d .  

- 

H = nominal s t e p - s i z e  ( f l o a t i n g  p o i n t )  
N = t o t a l  number of 1st order d i f f e r e n t i a l  e q u a t i o n s .  

( f i x e d  p o i n t )  
n = t o t a l  number of t h e  f i rs t  n 1st order d i f f e r e n t i a l  eq-  

u a t i o n s  t o  be i n t e g r a t e d  by MARK. n s N ( f i x e d  p o i n t )  

NOTE 2 :  
H and N must n o t  be a l t e r e d  u n l e s s  a r e s t a r t  p rocedure  
is e x e c u t e d  a f te r  t h e  i n i t i a l  e n t r y  t o  MARK. n may be 

a l t e r e d  a f t e r  t h e  i n i t i a l  e n t r y  t o  MARK th rough  an 
i n t e r r u p t i o n  r o u t i n e .  I f  n is i n c r e a s e d ,  MARK r e s t a r t s .  
Care s h o u l d  be e x e r c i s e d  i n  s e t t i n g  t h e  i n i t i a l  condi -  
t i o n s  co r re spond ing  t o  t h e  a d d i t i o n a l  e q u a t i o n s  t o  be 

i n t e g r a t e d .  If n is decreased, MARK c o n t i n u e s  no rma l ly  
i n t e g r a t i n g  t h e  new n s e t  of d i f f e r e n t i a l  e q u a t i o n s .  

t l  = s i n g l e  p r e c i s i o n  v a l u e  of t h e  independen t  v a r i a b l e  i n  

t2 = second p r e c i s i o n  v a l u e  of t h e  independen t  v a r i a b l e  i n  
f l o a t i n g  p o i n t .  T h i s  must be z e r o  i n i t i a l l y  i f  P =  0 

f l o a t i n g  p o i n t  
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II 
( s i n g l e  p r e c i s i o n )  

Values  of t h e  N d i f f e r e n t i a l  e q u a t i o n s  f o r  t h e  
dependent  v a r i a b l e s .  The i n i t i a l  or s t a r t i n g  

v a l u e s  must be prede termined  and se t  by t h e  u s e r .  

( f l o a t i n g  p o i n t )  
Values  of  t h e  d e r i v a t i v e s  of t h e  dependent v a r i a b l e s  
c a l c u l a t e d  and stored by t h e  u s e r ' s  d e r i v a t i v e  

r o u t i n e  (DER1, DERZ). An i n i t i a l  p a s s  is e x e c u t e d  
th rough  DER1,  DER2, and EOS by MARK b e f o r e  t h e  
i n t e g r a t i o n  p o r c e s s  is commenced. ( f l o a t i n g  p o i n t )  

Y 1  to YN 

? Y 1  to YN 

ENTRY POINTS 

P r o v i s i o n  is made through e n t r y  p o i n t s  t o  MARK t o  t r a n s m i t  
c e r t a i n  i n f o r m a t i o n  t o  MARK or t o  r e n d e r  c e r t a i n  i n f o r m a t i o n  
a v a i l a b l e  t o  t h e  u s e r  t h a t  is s tored  i n t e r n a l l y  i n  MARK: 

HC By u s i n g  t h e  command 
CLA* $HC 

t h e  u s e r  h a s  d i r ec t  a c c e s s  t o  t h e  c u r r e n t  s t e p - s i z e  

b e i n g  used  i n  t h e  i n t e g r a t i o n  p r o c e s s .  T h i s  is n o t  

n e c e s s a r i l y  t h e  nominal s t e p - s i z e ,  H ,  i n t r o d u c e d  by 
t h e  u s e r  i n  t h e  HBANK ( f l o a t i n g  p o i n t ) .  

N I  By u s i n g  t h e  command 

STO* $ N I  

t h e  u s e r  i n fo rms  MARK t h a t  he des i res  i c o r r e c t i o n s  
t o  be performed on t h e  p r e d i c t o r  formula used  i n  t h e  
Adams-Moulton f i x e d  mode of  i n t e g r a t i o n .  See Appendix 
A f o r  d e s c r i p t i o n s  of t h e  p r e d i c t o r - c o r r e c t o r  fo rmulas  

be ing  used .  I n  t h e  a u t o m a t i c  s t e p - s i z e  c o n t r o l  mode 
i is a u t o m a t i c a l l y  1, and MARK i g n o r e s  N I .  Thus 1 
c o r r e c t i o n  is made f o r  each p r e d i c t i o n  i n  t h i s  mode 
( f i x e d  p o i n t )  

TGLO By u s i n g  t h e  command 
CLA* $TGLO 
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t h e  u s e r  h a s  d i r e c t  access t o  t h e  m o s t  r e c e n t  tq + 1 

calculated,  where t,-, 1 r e p r e s e n t s  t h e  v a l u e  of t h e  
independent  v a r i a b l e  a t  t h e  end of a n  i n t e g r a t i o n  s t e p  

( f l o a t i n g  p o i n t )  . 
The command 

CLA* $Y 
g i v e s  t h e  u s e r  access t o  t h e  l o c a t i o n  of t h e  dependent  
v a r i a b l e s  ( s i n g l e  p r e c i s i o n )  i n  t h e  HBANK. T h i s  

a p p e a r s  as L(Y) ,1 where index  r e g i s t e r  1 se t  t o  n and 

counted down r e n d e r s  a l l  t h e  v a r i a b l e s  t o  t h e  u s e r  
( f l o a t i n g  p o i n t )  
The command 

CLA* $YDOT 

performs t h e  same f u n c t i o n  as Y for  t h e  d e r i v a t i v e s  

of t h e  dependent  v a r i a b l e s  ( f l o a t i n g  p o i n t ) .  
The command 

CLA* $ Y ( 2 )  

r e n d e r s  t h e  l o c a t i o n  of t h e  second p r e c i s i o n  p a r t  of 
t h e  dependent  v a r i a b l e s  a v a i l a b l e  t o  t h e  u s e r  ( f l o a t -  

i ng  p o i n t )  
The commands 

CLA* $YO 

CLA* $ Y 0 ( 2 )  
r e n d e r  t h e  l o c a t i o n s  of t h e  s i n g l e  and doub le  p r e c i s i o n  
v a l u e s  of t h e  dependent  v a r i a b l e s  a t  ts a v a i l a b l e  t o  t h e  

u s e r .  ts  r e p r e s e n t s  t h e  v a l u e  of t h e  independen t  
v a r i a b l e  a t  t h e  beg inn ing  o f  a n  i n t e g r a t i o n  s t e p  
( f l o a t i n g  p o i n t )  e 

f o r  t h e  a u t o m a t i c  s t e p - s i z e  mode. See  Appendix A .  
The command 

The f o l l o w i n g  symbols r e f e r  t o  e n t r y  p o i n t s  u sed  

STO* $EUBAR 
s t o r e s  F f o r  u s e  i n  a u t o m a t i c  error  c o n t r o l  ( f l o a t i n g  
p o i n t )  

1-10 
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ELBAR The command 

STO* $ELBAR 
s t o r e s  - E i n  f l o a t i n g  p o i n t  f o r  u s e  w i t h  AEC. 

HMAXT 
STO* $HMAXT 

stores maximum a l l o w a b l e  H fo r  AEC ( a u t o m a t i c  error 
c o n t r o l )  ( f l o a t i n g  p o i n t )  a 

HMHNT 

STO* $HMINT 
s tores  minimum a l l o w a b l e  H f o r  AEC i n  f l o a t i n g  p o i n t .  

YCLOW 
STO* $YCLOW 

s t o r e s  - Y f o r  AEC i n  f l o a t i n g  p o i n t .  

RGERR 
CLA* $RGERR 

p e r m i t s  access t o  t h e  maximum E 1 f o r  t h e  u s e r  

i n  f l o a t i n g  p o i n t .  
NOTE: EUBAR through YCLOW are c o n s e c u t i v e  l o c a t i o n s  
i n  MARK. 

SPACE REQUIRED 
MARK r e q u i r e d  34538 183510 storage l o c a t i o n s .  No COMMON 

is r e q u i r e d .  The u s e r  must supp ly  5N t 7 4- 2N (m i- 1)  storage 
l o c a t i o n s  f o r  @ = 0 ,  2 o r  7N -+ 7 t 3 N  (m 4- 2) f o r  @ = 4.  N = 
maximum number of d i f f e r e n t i a l  e q u a t i o n s ;  m =  o r d e r  02 d i f f e r -  

e n c e s  t o  be c a r r i e d  i n  t h e  Adams-Moulton mode, @ = 0 ,  2 is 
f o r  Runge-Kutta i n t e g r a t i o n  or f o r  Adams-Moulton i n t e g r a t i o n  

i n  t h e  f i x e d  mode. A l so ,  whatever s t o r a g e  is r e q u i r e d  f o r  t h e  

u s e r ’ s  d e r i v a t i v e  box and t r i g g e r  c o n t r o l  must be s u p p l i e d .  
CODING INFORMATION 

Timing:  MARK w i l l  do approximate ly  f o r t y  (40) i n t e g r a t i o n  
i n t e r v a l s  p e r  second.  ( ( t h i s  t i m e  w a s  o b t a i n e d  from s o l v i n g  a 

Set of 14 f i rs t  o r d e r  d i f f e r e n t i a l  e q u a t i o n s )  

1-11 



CHECKOUT 

MARK has been checked out ra ther  extensively using a variety of pro-  

g rams  at the Jet Propulsion Laboratory. 

tracking program, a low thrust  t ra jectory program, and a program of a general  

nature that solves a system of differential equations start ing with five (5) equa- 

tions, repeating these five (5) and adding sets  of five (5) with repetition until a 

maximum of thirty (30) equations have been reached and integrated. 

These programs include the JPL 

APPENDIX A 

1. The classical  Runge-Kutta 4th order  equations. 

Let the system of equations to be solved be in the form 

y; = f .  ( t , Y 1 Y 2 .  * . , y n )  j = 1 , 2 , .  . . N  
J 

Let y .  

y .  at t = t . 
be the value of y .  at t = t and f .  be the derivative of 

J ,  11 J 77 J ,  77 
Let h be the step-size of the independent variable t. 

J 77 
Then 

K1 = h f .  (t  , y .  

K2 = h f .  (t 

) 

t 1/2 h, y 

J 77 J ~ 7 7  
t K1 

J 7 7  j , u  + 
J 7 7  y . j 9 v  2) 

K3 = h f .  (t t 1/2 h, t K2 

K4 = h f .  (t t A t ,  y .  t Kg) 
J 7 7  J J  77 

- t 1/6 (K1 t 2K2 t 2K3 t K4) 
' j l v +  1 - 'JY 77 

2. The Adams- Moulton predictor - c o r r  ector equations: 

Let y . ,  y' be defined as above. Then 
J J  

1 - t h(a  0" t a l V  t . . . t a m p )  y! (open type) 
YTy 77 t 1 - 'j,v 0 J 

where V is  a backward difference operator  operating on y! where 
Js  77 

0 
vY;,77 = Y j y q  

1-12 
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The predictor coefficients a a r e :  m 

a = 1.0 

a = 0 . 5  
0 

1 
= 0.41 6666666 a2 

a4 

a = 0. 375 3 
= 0.  34861 11 11 

a5 = 0.  329861111 

= 0. 315591936 a6 
a = 0. 304224539 7 

= 0. 294868003 a8 
= 0.2870754484 a9 

1 - - t h (b 0" t b l d  t . . . t b d") y t p  (closed 
' j ,v t 1 'jI 0 m J ,  7) t 1 type) 

where V i s  defined as above, 1 i s  the f irst  cor rec tor  application, and 

the cor rec tor  coefficients b a r e :  m 

bo = 1 . 0  b5 = -0.01875 

bl = -0 .5  b6 = -0.0142691795 

b2 = -0,0833333333 b7 = -0.0113673950 

h = -0.0416666666 

b = r0.0263888888 

= -0.0093565362 

= -0.0078925543 
b8 

b9 

5 

4 

= a  - a  m t l  m t l  m NOTE: b 

continuing 

2 - t h ( b  Vo+ b l d t  . . . t b d") y,iIq 1 + 
'j,q t 1 -  'j ,v 0 m 
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i i s  the i th correct ion on the predictor formula. 

3. The formula for interpolation to interruption on a dependent variable 

in  the Adams-Moulton mode is: 

t 9 P  qj = ( - 1 )  I j  I where p = q th1  -tp 2 0 

C 

( ~ - 1 ) ( ~ - 2 ) * .  (p-j) 

j 

J ,  j = 1 , .  . . , m P 
J ( j  t l ) !  and I .  I = 

bje i ,  j = 1 , .  . . , m; b = correc tor  coefficients z c = b .  t 
J J  i =O J described i n  2 above. 

See Figure 1-1 .  

4. The formula for interpolation to halve the s tep-s ize  (H), dropping the 

subscript j ,  i s  as follows: 

m 

where: 

- t = t -nQh,  n = 1 ,  2, . . . ; Q = 1/2, 1/3, . . . 
rl 

1 
~1 = - z n  where n represents  the absolute value of the subscript  

o f 7  in Figure 1-2.  

1-1 4 
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y77 Y Y v t  1 
I I -  

I I 
I 
I 

I 
I 
I 
I 
I I 

t t t t 
77 c1 77+ 1 

Figure 1-1 

- - - 
t - 1  t 

t - 3  77-2 t - 2  7 7 -  1 
t 

Figure 1-2 

1-1 5 
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In the program 

where k is  the absolute value of the subscript  of t in  Figure 1-2. 

5. Automatic step- s ize  control. 

E 

due to  truncation e r r o r  in the step f rom t in the final i terate  y .  

The use r ,  through the entry points, supplied MARK with a to t 
se t  of values to be described as follows: 

represents  the maximum e r r o r  in  any of the dependent variables 
r ) +  1 

17 J s r ) +  1 

TJ t 1' 

- 
r) t 1' 

r) t 1' 

1. 

2.  

3. h 

4. h 

5. 

E - upper bound on the truncation e r r o r  E 

- lower bound on the truncation e r r o r  E 

- maximum allowable value of the step-size.  
- max 

min minimum allowable value of the step-size.  

y - a constant used to prevent unnecessary reduction in h - 
is small. y > 0. whenever IYj,r) t 1 I - 

The step-size,  h ,  is  doubled, le f t  alone, or  halved depending on the 

following inequalities: 

r ) t 1  - I E  for m successive s teps ,  the step-size,  h ,  i s  se t  (1) If E 

to 2 h. 

(2)  If E < E7) 
- 

c E ,  the s tep-s ize ,  h,  is  left alone. 

( 3 )  If Er) t 1 > E, the s tep-s ize ,  h, i s  s e t  = 1/2 h. 

m t l  at t and integrates  V 
j 77 

The program p rese rves  all the conditions y 

to t 
j '  

TJ t 1 '  

1-16 
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If (1) holds then MARK se ts  up the doubling procedure and integrates  

m t 1 more  steps checking that (1) holds a t  each step, 

procedure is  completed and h = 2 h. 

If (1) holds, the doubling 

If (2) holds integration continues normally. 

m t  1 
j , v ,  tq' y;,v 

. It executes the 

Finally, the halving procedure is 

If (3) holds then MARK r e s t o r e s  y , V 
j ,  77 

end of step box to  r e s to re  those values at t . 
executed and h = 
to r e s t a r t  the integration procuedre in the Runge-Kutta mode. 

equivalent t o  specifying the number of significant figures to  p re se rve  locally 

throughout the integration. E should normally range f rom 10 to 10 . - y may 

be determined by the user  but should probably range f rom 10 

77 
h. Thus, it is never necessary  on the basis of e r r o r  control - 

E is approximately 

c -8 - 3  

- 5  to 1. 

References: 

1. Hildebrand, F. B. ,  Introduction to  Numerical Analysis, Chapter 6. 
2. Ford ,  L. R . ,  Differential Equations, Chapter 6. 
3. Causey, R. L. ,  Tobey Jean, RWDEZF, "Floating Point Adams-Moulton, 

Runge -Kutta Integration. 

Angles, California, February 10, 1958. 

The Ramo- Wooldridge Company, Los 
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APPENDIX I1 

EQUATIONS 

* 
A. Initial Values of Differential Equations of State 

V sin y 

v cos y cos @ 

- - U 

V 

W 

To 0 

To 0 0 

To 0 0 

0 0 

0 

- - 

V cos y sin @ 

h + R ( B  ) 

- - 

- - r 
e - 

0 
Q 

e 

$0 

- 
- - 

0 - - 

0 

0 

0 

- - 
'a 
pH - 

- 

- 
PQD - 

B. Differential Equations of State 

Note: The state differential equations are integrated forward 

in time from t = 0 until the terminal time T, defined by the 

stopping condition i-2 = 0, is reached. 
0 

2 
PS VT 

D (-uc 2 2  V 

2m - + rR sin e + 2~ w sine + du 
dt r e e 
- - -  

T 

L H  2 4 m 
2 r (1 - 3 cos e )  + - 'e + c v cos0)- - - 

Y 

~~ ~ ~~ 

*See Section I of this Appendix for Glossary of Symbols. 
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- dv 
d t  
- -  2 

r r e 

2 
uv w c o t  e + + r R  cos  8 - 

D 
2~ w cos  e - e 2m 

2 
' e  2 w e J R f  cos@ s i n e  

-I-- 

s i n  8 

+ 
uv c, cos0  

L 

H 
V 

+ W - 

vH 

I 
yr L T  v s i n 0 1  

4 
r m 

w u  v w  c o t  e - - 2R ( u  s i n  8 + v cos  8 ) - - -  dw 
d t  r r e 
- -  

wu c c o s 0  
V - 

'L 'T 
- L + 

vH vH 

- 

* = . -  W 

d t  r s i n e  

- dQ - dpa - dpH - .  d P ~ ~  - See S e c t i o n  G of  t h i s  Appendix 
d t  ' d t  ' d t  ' d t  

1 1 - 2  
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1/2 
where 

2 2 v = (v + w )  H 
2 1/2 2 2 

= (u  + v  + w )  vT 

p = p ( h )  , U.S. S t a n d a r d  Atmosphere,  1962 

h =  r - R ( Q )  

2 ~ ( e ) =  R - ( R  -R cos e 
e e P  

CL = C ( a ,  M ,  S t a g e  N o . )  , i n p u t  L 

CD - - CD ( a ,  M ,  S t a g e  N o . )  , i n p u t  

M = V T / c  

C = c ( h )  , U . S .  S t a n d a r d  Atmosphere,  1962 

m = m ( t ,  S t a g e  N o . )  , i n p u t  

S = S ( S t a g e  N o . )  , i n p u t  

T 
11 s i n g r o s  \ H- 

r = i' V cos T a + vT j x  Y 

u s i n  a - 
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8 
T 

@ 
T 

X 
T 

T 
Y 

T 
Z 

T 

co 
P 

w s i n a  + v c o s a  - s i n a  - - 
'T \ 'H 

vu s i n a  w cos a - + 1 'T 'H vH 

v v  
j-v s i n a  w s i n 0  + cos a + 

'H T H  
- I  VT 

1.: T 
i v  s i n o  wu cos a 

H T H  
- I w  cosa 

vT v v  I !  x 
+ s i n a  I 

V 
= I  

Iv cos a wu s i n  a + + 
' 'H vT 'H 

\ 

I wu cos o - v s i n  a 
cos a 1 

vH vT vH 

c o s  i c o s 6  
T T 

cos i s i n 6  
T T 

s i n  i 
T 

4- (Pe - p W 1 Ae ISL 

T 
i z  

w s i n a ,  - 
'T 

p (h) I U . S .  Standard Atmosphere, 1962 
CO 
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A = A (Stage No. ) 

- - i (Stage No. ) 

- (Stage No. ) 

e e 

T T 

6T - 'T 

i 

T = T (t, Stage No. ) 

, input 

, input 

, input 

, input 

C. Additional Equations f o r  Output 

E 

q 

CJ- 

V 

* 
6 

* 
8 

Y 

B 

L 

D 

1 -1 cos v sin ~1 
cos v cos CJ- tan ( 

-1 sin v sin ~1 
cos v sin 1-1 tan ( 

sin v 
cos v sin CJ- 

tan-' ( 

-1 
tan 

c /2 
2 

svT L 

c /2 
2 

svT D 

I: 1-5 
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where 
W V 

 cos^ 0 cos (@o-@)-  - 
'Ho 

0 0 
Iv 

\ Ho 

COSY s i n v  = s ine l -  , v  - r s i n 6  0 cos0 

i Ho 

COSY  COS^ = s i n e  s i n e  C O S ( @  -6) + cos@ cos6 
0 0 0 

W W V 

V 0 
'Ho I Ho 

0 - s i n 6  (A cos0 cos(@o-@) + - s i n ( @  - @ ]  s i n v  = s i n e  cos0 - 0 

0 
'Ho 

0 

D. I n i t i a l  Values o f  Adjo in t  D i f f e r e n t i a l  Equat ions 

Note: A s e t  of  a d j o i n t  d i f f e r e n t i a l  e q u a t i o n s ,  as de f ined  

i n  Sec t ion  E of t h i s  Appendix, i s  i n t e g r a t e d  backward i n  

t ime from t = T t o  t = 0 f o r  t h e  pay-off f u n c t i o n  Q, and f o r  

each t e r m i n a l  c o n s t r a i n t  func t ion  + 1' +y - - +$ 
0 I p 5 8. These sets  of equa t ions  are d i s t i n g u i s h e d  by 

t h e i r  r e s p e c t i v e  " i n i t i a l "  c o n d i t i o n  a t  t = T .  The i n i t i a l  

cond i t ions  a r e  de f ined  h e r e  f o r  t h e  se t  of equa t ions  a s s o c i -  

a t e d  wi th  @, o r ,  t o  be c o n s i s t e n t  w i th  t h e  n o t a t i o n  i n  P a r t  I 

of  t h i s  r e p o r t ,  w i t h  @R. The i n i t i a l  c o n d i t i o n s  f o r  each +.R 
se t  of a d j o i n t s  i s  de f ined  i n  a s i m i l a r  manner. 

3 
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t=T 

t=T 

where 

@(t,u,v w r,B,@,Q,pa,pH,pQD) is payoff function (or for 

, constraint function q . 1  
3 

R(t,u v w,r,B,@,Q,p ,p , p  )is stopping condition a H QD 

11-7 



I1 

- df 
dh 

P a r t i a l  d e r i v a t i v e s  a r e  computed from t h e  formula - - 

f ( x + h )  - f (x -h )  
2h 

The h ' s  used f o r  t , u , v , w , r , B , @ , Q , p  , p  and p a r e  . l ,  1, 1, 1, 

50 ,  .01,  . 0 1 ,  1, 1, 1, and 1 r e s p e c t i v e l y .  
a H '  QD 

E .  Adjoint D i f f e r e n t i a l  Equations 

Note: This s e t  of equat ions i s  i n t e g r a t e d  f o r  each se t  of 

i n i t i a l  cond i t ions ,  a s  def ined  i n  Sec t ion  D ,  t o  g ive  t h e  

corresponding a d j o i n t  s o l u t i o n s .  The s u b s c r i p t  OR, o r  ?+b.C 
3 

a s  appropr ia te ,  has been omitted from each X i n  t h e  equa- 

t i o n s  as presented he re .  

=:-  a; x + - x + x  a+ a6 + - x  a2 + -  a0 + a x  
u aU u aU v aU a U  r aU ' e  aU Q 

36, 
& a x  + -  x + -  x a i  + - x  + 

p~~ 
aU Q aU pa au pH au 

ax a2 ae  x + - x  + -  x + -  x + -  a6 a; a; i = -  
v av u av av av r av L e  + av @ 

"QD + -  ad! x + &.ax + -  x +  
p~~ av Q av pa av PH dv 
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apa a$H x + -  x + -  + - x  + -  a i  
p~~ 

d r  Q ar pa ar PH ar 

- 
a+ a6 a; a6 x + - x  + - x  + - A  + - A +  ail - -  

' 6  - ae u de v de w de r de e d e  a 

'6QD x 
aia 36, 

x + -  + - A  + - - A  + -  a i  
p~~ 

de Q ae pa de PH de 

where 

a;-& - C L + M -  acLJ a M  - D T  
au 2m 

.J 

U - r a T  1 
m a U  

+ -  - 

f 

u w sin 0 + 
2 

+ -  U 
vH vT 

+ M 2 ] ) +  d C  ; 1 aTe 
d M  
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W + M - \ +  acD \ w cos 0 
f 

['L 'T I - -  - - 2 0  sin 8 - 2m I vT a+ 
aU r e 
7 -  

I 

u v sin CI 2 C  + M -  + -  acL - 
2 

+ -  U CL + M -' a M  'H L a~ 1 m aU 
'T 

- - .  . See Section G of this Appendix 
afia - ab - aU I aU I aU I aU 

2 
I' T 7  

V ps v cos CI H c v + -  L T 
VT 

a; 2v + - -. - _. 

H av 1: 2m V cL 

ac, 
aM 

acL 
+ M -  

a M  
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cL 2 vT 1 - u v w cos c j  

vH 
H V 

+ 

ac a T  

C L T  V + v2 I C L  + M$U]+ m 3v 
2 L A  

2 
- s i n  vH c j  

- : See Section G of t h i s  Appendix. - a6 - afia 31jH %D 
av av I av I av 

2 
V 

2w - - + 2R s in  0 + aw r e 2m 
a; - -  

r a T  
+ - -  + M -  C + M r  1- UM ' I  uw 

[L (CL + M %) - cL 2 vT1 u v w cos c j  

a M  
+ 

vT vH H V 

2 2  
aTe [ v v c  T L  + w 2  ( z c  + M 5 i ] + i z  

2 L a M  
H 

+ 
H V 

V 
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2 
- @ I C  V + I ? I - / C  + M -  v co t  e - U - - -  a& - -  

a W  r r 2m 1 D T VT I, D 
- 

2 v  a c L  I-- 
i 

V L a M  ’ 

lv ‘L T + - u cos o , 

T 
2 

- ‘H 

w2 IC + M - + 
2 ’  c v  

L - L T + -  

a2 
vw s i n  o I 

2 m & v  I 
- 12 C L +  M- 

V aM 
H vH 

& =  1 
aw r s i n  8 

- - .  . See S e c t i o n  G of t h i s  A p p e n d i x  
- ab - dfiH d%D 
aw I aw ‘ aw ’ a D  

3 
“L dh c dh a M  r ‘, 

+ v v cos 0 
H T  

r a T  2 
4P,JRf 2 1 

(1 - 3 COS e )  + - - 5 m a r  + 
r 

2 
2 2 e 

2 
s2 s i n e  cos8 uv w c o t e  + - c 

a; 
ar  - - -  

r r 

- - s r  ‘VV I * , e d c -  
2m I T :‘D dh c dh aM 

2 
T 

wV s i n o  

+ vH 1 (CL dh 
m 

1 aTe 8~ JRLcose Sin 8 
+ - -  e f  

r 
- 

5 m ar  

1 1 - 1 2  
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uw + - 
2 r 

- pM 
C 

- pM 
C 

= o  

a * 
’ ar 

V - 
2 

r 

r * v w  c o t e  s - -  
2 2m : I wvT 1 ‘D dh r 

2 
uw v c o s 0  vvT s i n  o 1 

I i vH vH 
- T dc \ 

+ j  -- 
dh a M  \ 

W 

2 
r s i n 8  

c *  
L dh 

- .  . See Sect ion G of t h i s  Appendix. 

s i n  8 cos 2 
e 4 = 2Q r cos 8 s i n  8 + 2Q w cos 8 - e 

- 2m S ‘[-uvT 

+ v v cos H T  

[‘D 2 - 
(‘L dh 
* 

p M d c D  

p M d c  

c dh aM i 
- c  d h K  

r 

dR 
de 
- 

e 
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2 2 2 
2 e e 

2 
W - -  + r (cos 8 - s i n  e )  - 2R w s i n 8  a+ 

ae 
- -  

r s i n  8 

L 

2 uvv c o s 0  wV s i n a  
T 3.P 

'L dh 
+ - 

T 
V 

ac ' 
PM dc D + --I.-- - 

vH H 

1 aTe d R  

c dh  a M  

- p M d c L  a' I / '  - -  d R  --- 
c d h  M de m ar  de 

vw - 252 u 
2 e 

- - -  aw 
a' r s i n  8 

pM dc acD 
c dh aM 

- pM-- acL dc\ ' 
c a M  dh 

- - -1 

dh 

2 
T 

vV s i n a  
+ '  /uwvTcos a - 

vH vH 
a T  - - -  d R  1 d d R  

de m ar de 

& = w c o t 8  - ae r s i n 8  

alj, - a6 - 
ae ae ae ae 

- QD : S e e  S e c t i o n  G of t h i s  Appendix 
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and w h e r e :  
CI 

cos 0 cos a )  
+ TZ 

+ T cos0 cos 0‘) 
z 

cos 0 s i n  a - T sin0 H s i n a )  - - 
vv 

uv - -  
a U  3 z 3 ‘TX Y 
aTf3 (Tx cos a - T - - -  

v m  

+ T cos 0 cos a )  
z 

w v  
cos 0 s i n a  - T s i n  0 uw H cos a - T s i n  a )  - - 

V 

a T  
& = -  
a U  3 ‘Tx z 3 (TX Y 

T vT 

- 

+ T cos G cos a )  
z 

+ T s i n a c o s a )  - u 
z ‘TX 

c o s 0  s i n a  

- T s i n  0 + T cos 0 cos a )  Y z 
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2 vw W - ( T  cos a - T s i n  a )  + - s i n 0  s i n a + T  cos0 
3 T  
A = -  av 3 x  z 3 'Tx Y 

vT vH 

uvw cos IS s i n a  3 + T s i n a  cosa) + 
z 

(VT VH) 

-T s i n 0  + T cos0 c o s a )  Y z 

2 

v v  
uw u w  

v 
cos 0 s i n  a 

(TX 
- -  c o s a - T  s i n a )  + 
a T  

-5 (Tx Z 
- -  r 

T T H  
aw 

-T s i n  0 + T cos 0 cos a )  Y Z 

2 
cos a - T s i n  a )  - - V s i n  0 s i n  a + T cos0 vw - -  

3 (Tx Z 3 ( TX Y 
- - -  aT€l 

aw 
vH V 

T 

uvw 2 2 
( V  + v ) ( T  cos 0 s i n  a 3 T H X 

+ T s i n a  cosa) + 
Z 

(VT VH) 

- T s i n  0 + T cos (5 cos a )  Y Z 

vw a)  - - (T s i n 0  s i n a + T  cos0 
\T  3 x  Y 
" H  

cos a s i n a  - T s i n  0 + T cos 0 cos a )  2 2  2 
z - W (VH + VT)] (Tx Y 
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cos a s i n  a V H 1% 
V 

a T  

ah 
X 

a T  

ah 
cos cy. - - s i n a j  + - r U 

V 
T T 

! z 
a T  a T  

ah ah 
- 2 s i n o  + - cos o cos cr. 

z a T  a T  

ah ah 
s i n  0 cos a - cos o +  - + 

s i n a  s i n  a 

c o s o  s i n a  
ah 

i z a T  aT 

ah ah - 2 s i n  o + - cos a cos a 

s i n  o s i n  cy. 
z 

c o s a  - - 
a T  

ah 
A = L  ar V 

T 

z 
a T  a T  

- 2 s i n o +  - cos o cos 011 ah ah I 

03 
dP 

e T T dh 
X 

a T  
- -  ah - -A COS i cos 6 - 

CO 
a T  dP 
2 = -A cos i s i n  6 - ah e T T dh 

co 
dP 

e T dh 
z 

a T  
- -  ah - -A s i n  i - 
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F. Impulse Response Functions 

Note: A set of impulse-response functions is computed for 

the payoff function,@, and for each of the terminal con- 

straint functions ?) 1, q2 , 
equations are written here for @, where the A@fi are so- 

lutions to the adjoint equations, Section E, when the 

initial conditions, Section D, are computed on the basis 

of derivatives of the payoff function, @. The impulse- 

response functions for the ?) are obtained in similar 

manner utilizing the corresponding sets of adjoint solu- 

tions. Terms for which the partial derivatives with re- 

. . . ?)p , 0 I p 5 8 .  The 

j 

spect to the control variable, a, or o, are zero have been 
omitted from these equations. 

* 

where 
a T  a% cos0 2) + ---&- 1 r  aa -"H 'T aa, 

2 a C  cos cT 5 wv sin o L\ 
aa I + T  

vH 
T V  aU1 vv - + uv v - = - e s _  a+ 

H 
T act 2m I aa 

- __--___-_____--- 
*In m a t r i x  notation, 

I 
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c o s 0  - + u w v  - - -  - & - ps jWVT 
aa H aa 2m T V  

- .  . See aa Section G of t h i s  Appendix 

V cos a cos o - u s i n  a 
H 

i cos o s i n  a 

- 2 (. cos a 
vT 

a T 6  T 

aa v V s i n  a + cos a w V s i n o +  uv c o s o  - -  i H  I T  X - -  
'T vH 

r 
Z 

T 

'T 'H Isin a 
+ 

T 

v v  
X cos a - -  - % 

aa 
T H !  

) - v v cosal I 
w V s i n  0 + uv cos ci 

H 

\ v v s i n  0 - u w cos 0 1  - w V s i n  a :  H T , I 

T r 1 1 

cos 
s i n o  - H 

- z l s i n  a 

'T 'H 
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- -  r - -  Tx 'H s i n  0 s i n  a - Ty 'H cos 0 - TZ vH s i n  CT c o s a  
aT 

a0 vT vT vT 

\ T- cos a , 
z. 

(uv  s i n  0 - w v cos 0 1  
i T + T s i n u l  + 'T 'H I 

T 

T H  

T s i n  a 

v v  
v v c o s 0  + uw s i n  0 dT A =  x 

a0 T H  

I 
T cos a , 

0 I 
I .  - " sin + Iv V cos CT + uw s i n  0 

T 
'l' 'H 

T 

G .  A d d i t i o n a l  S t a t e  E q u a t i o n s  and P e n a l t y  F u n c t i o n s  

1. Total  H e a t  Absorbed per U n i t  A r e a  a t  S t a g n a t i o n  P o i n t  

3/2 1 'T 1 NQR 
QR R P  QR l10000, 1 / 2  ilko\ NQC + K  

QC RQC 
- K  dQ 

d t  
- -  

R N K R N are  c o n s t a n t s  ( i n p u t )  
QC ' QC ' QC ' QR ' QR ' QR 
K 

a i  '- 1 / 2  ( 'T 1 N QC 3 /21  'T INQq 
QC RQC NQC 1000 '  + K~~ R~~ N~~ P ~ O O O O  I *  

vT 

= K  - 
d U  
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N QC 3 K  R p 1/2 'T )"'I 2 - = [  a6 QC RQC 1 'T ) + QR QR 
K 

ar  1 / 2  ; l o o 0  2 \ 10000 
2 P  

P i l o t  A c c e l e r a t i o n  D o s e  o r  Acce le ra t ion  P e n a l t y  Funct ion  

~ ( a )  i n p u t ,  table 

2 

64.4 
a =  

Acce le ra t ion  i n  g '  s .  

['D acD + c  L ")I a M  
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I 
2 2’ M 

W 7 ’ C  + C D  $ 2  + 2 
- -  dea - -  1 &-kd ;i?.sj 

CD2 + c L 
a W  ~ ( a ) ~  da ‘64.4m, i L  

dc IC + c  - - pM - 
dh \ D dM 

c (CD2 + c L 2, 

1 d-c(a)  IP v s  5 1 i ac, 2) 
‘D + ‘D 

- -  - -- 
aa ~ ( a ) ~  d a  64.4m 

.. .. 

3 .  A l t i t u d e  P e n a l t y  F u n c t i o n  

= o  

h > AH2 , p r o v i d e d  h h a s  
2 

H2 - - I A H 1  r>2) been  less t h a n  A 

H 2  
h 5 A  

AH1 I AH2 i n p u t  
i o  

1 1 - 2 2  
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4. Heating Rate Penalty Function 
.-I L f 

' A  Q-AQD2 

QD1 [ AQD2 ) - -  - QD 
dP 

dt 

QD2 
For 6 > A 

%D 
aV 

%D 
aw 

- - 2~ QD1 ( Q - A ~ ~ ~ )  - ao 
2 
QD2 

A 

> AQD2 

QD2 
Q I A  

A input QD1 ' QD2 A 
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F o r  Q 4 AQD2: 

For  a l l  6: 

H .  O p t i m i z a t i o n  Equa t ions  

1. D e f i n i t i o n s  (Al so  see L i s t  of Symbols i n  S e c t i o n  I )  

N = T o t a l  number o f  i n e q u a l i t y  and e q u a l i t y  t e r m i n a l  con- 

s t r a i n t s  s p e c i f i e d  f o r  qi.ven pro\ lem 0 5 N L 8 
C 

C 

L = 8-vec-tor i n d i c a t i n g  s t a t u s  of t e r m i n a l  c o n s t r a i n t s .  

1 , 0 < i 5 N if c o n s t r a i n t .  + i s  " a c t i v e "  
C i 

i C i L = 0 , O < i  4 N  i f  c o n s t r a i n t  yj i s  " i n a c t i v e "  

i 
0 , N < i 5 8 , c o n s t r a i n t  n o t  s p e c i f i e d  

\ C 
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Inequality terminal constraints having current 

values that lie outside of specified limits 

and all equality terminal constraints are 

active; inequality terminal constraints having 

current values that lie within specified limits 

are inactive, see Section H.9. When L is used 

as a subscript on a matrix, it implies that the 

matrix consists of only those rows and/or 

columns for which the corresponding L = 1. i 

2 '  -1 , a factor computed during 

Since 6 dL IqqL 'dL F = (dP) -II/ 1 
optimization process, section H . ~ o .  

is required, F must be 2 0 : if F1 is computed 1 

FC 
as < 0 , then q are scaled by S 

d 

2. Errors in Terminal Constraints 

3 .  Performance Indices 

If N = 0: 
C 
* * 

0 = 0  -A 

a) = 0  -A 

d0, = dQ = Q - 0 
* 

-A -A -A 
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d$ 

RdQ, 

m 

If N # 0: 
C 

* 
'% 

dyA 

= @ = do /dP 
-A 

=r: i=l 

* - - YA - YA 

* 
dY = - SFc YA 

P 

Rdy = d Y A  /dY 
P 

* * I -1 it 

Y -I o = Q ,  - I  I 
-A q o L  YYL E L  

I 

li/ 
-1 0 = o - I  

-A qQ,L I q q L  E L  

* 
do = 0  - 0  

-A -A -A 

i f F  > O  1 
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P g A  / '@ , i f  F1 > 0 
-P 

Rd2 ='I O 
, if F1 5 0 

P 
= dOA/dO 

'd@ 

2 
4.  New ( d P )  

2 
The o p t i o n  of  u s ing  a cons t an t  (dP) i s  provided by 

s e t t i n g  the i n p u t  c o n s t a n t  K = 2.0; t o  use  the v a r i a b l e  
A 

step-size f e a t u r e  desc r ibed  by  t h e  fo l lowing  l o g i c ,  se t  

KA = 1 .0 .  

If F 5 0 and i f  1 2 
m u l t i p l y  (dP) by All RdY A 2 1  

2 
3 A cont inue  with same (dP) 

A 2 1  > RdY 2 2  

2 
by A12 m u l t i p l y  (dP) A22 > RdY 

1 1 - 2 7  



I1 

Or, if F1 > 0 and if 

2 
by A12 multiply (dP) 

multiply (dP) 

continue with same (dP) 

31 RdQ 1 A 
- 

2 
by A31 > RdQ - 2 A 32 

A > RdQ 2 A 

A 33 > Rd@ - 

2 
3 3  32 - 

2 
by A12 multiply (dP) 

All > 1 > AI2 > 0 ;  , , input as DPINC, DPDEC 

input as PSIEG , PSIGP 

A3 1 A32 A 33 input as PHIGE , PHIEG , 

PHIGP 

6. Rejection of Unacceptable Iteration 

= 1.0, the 
2 

KA 
When operating in variable (dP) mode, 

current choice for 6a and the associated integration of the 

state equations is rejected and the program proceeds 

immediately to SectionH.10 of these equations if 

5 0 and Rdy < A23 F1 

< A34 Or, F1 > 0 and RdQ 
- 

input as PSIRJ A23 < A22 ' A23 
A 34 < A33 ; A34 input as PHIRJ 
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7 .  Stops f o r  Termination of I t e r a t i o n s  

Only the  f i r s t  two of these  s tops  a r e  app l i cab le  i f  

= 2.0; a l l  are app l i cab le  i f  K = 1.0.  When a s t o p  i s  
A 

encountered, o t h e r  than K = 1, t h e  program te rmina tes  t h e  

c u r r e n t  case and c a l l s  t he  input  f o r  t h e  next  ca se ,  i f  any. 
S 

Ks = 1 

Ks = 2 

KS = 3 

KS = 4 

Ks = 5 

K, = 6 
~. Y 

do not  s t o p  

requested number of i t e r a t i o n s ,  N I T ,  

completed; N I T  = 0 r e s u l t s  i n  i n t e g r a t i o n  

of only the  s t a t e  equat ion;  N I T  i npu t .  

f o r  NnF consecut ive i t e r a t i o n s ;  

*%IN, NnF input  a s  CDELM, NDELF 
-i r\ 

L L 
c u r r e n t  i t e r a t i o n  acceptable  b u t  ( d P )  5 (dP)  

CI M I N  
selected f o r  next i t e r a t i o n s ;  input  a s  

DPSQM 

c u r r e n t  choice of c o n t r o l  programs and a l l  

previous choices s i n c e  (dP) became 5 (dP)  
2 2 

M I N  
a r e  unacceptable and new (dP) 2 5 0.01 (dPIMIN 2 

l a s t  f i v e  choices of (dPI2 have y ie lded  un- 

acceptab le  con t ro l  programs 

8. I n t e g r a l s  of Products of I m p u l s e  Response Functions 

I -  - ST (G'X ) '  W-lG'X d t  
pp t o  1c/a 

' -1 I = JT (G'h ) W G'XQn d t  
t o  740 
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The G matrix i s  computed for  the l a s t  acceptable in te -  

gration of the s t a t e  equations. 

9 .  Status of Constraints 

Determine s t a tus  of constraints  a f t e r  each acceptable 

integration of s t a t e  equations; do not change L i f  t r a -  

jectory i s  unacceptable. 

if l(IAi 1 qTi + ci r '  I 
L 2  = ', 

L O r  i t h  cons t ra in t  not specified 

i = l , 2 , .  . 8  

10. Selection of Changes t o  be made i n  Constraints 
* - qd - -$, 

I 2 -1 
- 'dL1+l(IL 'dL F1 = (dP) 

If F L 0:  
1 

= 1  
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Or, if F1< 0: 
1/2 

Set F = 0 1 

11. Control of Inactive Constraints 

For each i, i = 1, 2, . . . N , for which L = 0 
C i 

do the following computations: 

L = 1  i 

* + dqi > qBi - E : 
i Or, if qT, + > qAi 

dqi = dqi 

L = o  

= 1  

i 

Kc I 
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f 

L = 1  i 

KCI = 2 

Upon completion of preceding computation for all inactive 

constraint , 

If KC1 = 2 , return to the second equation of 

Section H.10 and repeat subsequent 

steps in Sections H . 1 0  and H . l l .  

Or, if K = 1, proceed to Section 12. 
CI 

12. New Control Programs 

d@ = dq (Assumption, 6x(t 0 ) =0) 

I 

-1 -1 
+ W  G X  qRL I q q L  dBL 

.k 
a(t) = a (t) + 6a(t) 
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13. LAMCOS-DO 

During first integration of state equations or when N = 0, 
C 

LAMCOS-DO is not used. Determine time for application of 

LAMCOS -DO from 

k = l ,  2 ,  . . . n - l 5 9  
n, input as LAM 

Or, t k = t  , i = l ,  2 , .  . . m 1 9 ,  O < t l < t 2 . .  . i  t 
i ' m  

t , input as LAMT(1) i 

do not use any t > .98T i 

For each t make following computations: k 

T 

rn 

t 
(dPk) 2 = (dP) 2 - $ 6a W 6 a  dt 

0 
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9 0 proceed with computation 
If  F2k 

C l r ,  i f  F2k < 0 

set dBk 

For -Lk 

= a  m 
-1 I 

I 

@L 
W ( G  - G 1 

-1 ' -1 
+QL '+lI,kL 

+ W  G X  

where 
-&t( t ) l  

j d O ( t )  2 1 

6 a ( t )  = 
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I. List of Symbols 

A1 2 

A21 

22 

A2 3 

A 

A 

31 

32 A 

33 A 

34 
A 

A H1 

%2 

OD1 

QD2 

e 

A 

A 

A 

a 

a m 

cD 

cL 

factor, > 
factor, < 
as DPDEC 

factor, < 
values of 

2 1, by which (dP) is increased, input as DPINC 

2 1, > 0, by which (dP) is decreased, input 

, separating excellent and good 

factor, < A21, > A 
of Y ,  input as  PSI^^ 
value of Y ,  < A22, Z 0, below which iteration is re- 
jected if Y index is being used, input as PSIRJ 

factor, > 1, separating good and excellent values of 
- @, input as PHIGE 

factor, < 1, > A , separating excellent and good values 
of 2, input as P&G 
factor , < A32, > A 
of 2, input as PHI$$ 
value of g,  < A33, Z 0, below which iteration is re- 
jected if - @ index is being used, input as PHIRJ 

constant in altitude penalty function, input 

upper bound of altitude during flight, input 

constant in heating-rate penalty function, input 

upper bound on the heating rate CiUi-iiig flight, inpi3.t 

exit area of rocket motor, ft , input for each thrust 
stage 

aerodynamic acceleration, g's 

constant, +1 or -1, indicating that Q, is being maximized 
or minimized, respectively, input by sign of payoff 
function library number 

drag coefficient, dimensionless, input as C ( a ,  M, 
Stage No.) 

lift coefficient, dimensionless, input as C ( a ,  M, 
Stage No.) 

, separating good and poor values 

, separating good and poor values 

2 

D 

L 
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G 

9 
h 

I@@ 

T 
i 

m 

NnF 

J 

K 

K 

L 

L 

M 

QC 

QR 

E 

i f 

-1 
C local speed of sound, ft sec 

D aerodynamic drag force, lbs 

(dP) step size or the integral of the weighted square of 
the variation in control variables for an iteration, 
radians2 sec 

composite of predicted changes in terminal constraint 
functions and actual changes in initial state 

total energy of vehicle, ft lb 

known functions of state variables, control variables, 
and time; = 2 
matrix of partial derivatives of f with respect to c 
along nominal path 

gravitational acceleration, ft sec 

local altitude, ft 

integral of weighted square of impulse response functions 
for changes in payoff function 

integral of weighted product of impulse response func- 
tions for changes in terminal constraint functions and 
changes in payoff function 

integral of weighted square of impulse response func- 
tions for changes in terminal constraint functions 

thrust misalignment angle in the x-z plane of vehicle, 
degrees, input for each stage 

constant in the gravitational expression, dimensionless 

weighting or scale factor for convective heating, input 

weighting or scale factor for radiative heating, input 

aerodynamic lift force , lbs 

vector indicating status of terminal constraint functions 

mach number , dimensionless 

mass of vehicle, slugs, input for each stage 

number of consecutive times I A21 

i 

i 7 

-2 

before stop 
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QC 

QR 

e 

N 

N 

P 

03 
P 

pH 

P~~ 

Pa 
Q 

R 

NQC 
R 

QC 
R 

QR 
R 

RdO - 

R e 

f R 

li 
P 

r 

S 

sFC 

'Fk 

T 

T 

exponent of V for convective heating, input 

exponent of V for radiative heating, input 

ambient atmospheric pressure at sea level, lb ft , 
input 

local atmospheric pressure, lb ft 

normalized altitude penalty function 

normalized heating rate (6) penalty function 
pilot acceleration dose, acceleration penalty function 

QC 
heat absorbed at stagnation point, units depend on K 
K 

dynamic pressure, lb ft 

radius of earth computed from spheroid approximation, ft 

effective nose radius for convective heating, ft 

function of N and R 

function of N and R 

ratio of actual to predicted change in 2; similarly, 
dY' dOf d7C/ for R 

equatorial radius of earth in oblate spheroid approxi- 
mation, ft, input 

reference radius of earth used in gravitational expan- 
sion, ft, input 

T 

T 
-2 

-2 

QR 
-2 

input 

input 
QC QC 

QR 

R R 

QR' 

pwidr  radius of e a r t h  in cblzte sphzrsid apprcxfEatiQn, 
ft, input as RPC 

radial distance from center of earth in spherical co- 
ordinate system, ft 

reference area of vehicle, ft , input for each stage 

scale factor, 5 1,> 0, by which desired changes in 
terminal constraints are multiplied 

Supplementary scale factor, 5 1, > 0, introduced by 
LAMCOS-DO at tk 

terminal time of trajectory, sec 

thrust, lbs 

2 

11-37 



TS L 
t 

U 

vH 

T V 

V 

w 

W 

X 

X i 
Y 
z 

cy. 

a i 
B 

Y 

A? 

A%IN 

d T  

A@ 

E 

e* 

x 

basic sea-level rocket thrust, lbs, input as T (t) 

time, sec 
SL 

-1 component of velocity in P direction, ft sec 
component of velocity in local e - plane, ft sec 

magnitude of velocity relative to the rotating earth, 
ft sec-1 

component of velocity in 8 direction, ft sec 

diagonal weighting matrix used to facilitate con- 
vergence , input 

component of velocity in @ direction, ft sec 

axis in the longitudinal plane of vehicle 

state variables 

axis in the lateral plane of vehicle 

axis in the vertical plane of vehicle 

angle-of-attack, radians (input-output, degrees) 

control variables 

heading angle from the local 8 direction, radians 
input-output, degrees) 

flight path angle to the local ê  - @ plane, radians 
(input-output , degrees) 

actual gradient of - @ with respect to dP 

I A21 below which convergence is assumed 
actual gradient of @ with respect to dP 

thrust misalignment angle in the x-y plane of vehicle, 
degrees, input for each stage 

tolerances in meeting specified values of inequality 
terminal constraints, input as EPS 

co-latitude angle in "initial condition" oriented 
spherical coordinate system, degrees 

adjoint function, units vary 

A -1 

.A -1 

A -1 

A 

A 
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P- 

'e 
V 

P 
0 

@* 

longitude in "initial condition" oriented spherical 
coordinate system, degrees 

a constant in the gravitational expansfon, ft sec 

latitude in "initial condition" oriented spherical co- 
ordinate system, degrees 

3 -2  

-3  density, slugs ft 

bank angle, radians (input-output, degrees) 

acceleration-endurance function, sec, input 

PHI index for performance of optimization procedure 
when variations in control programs are being used, 
at least in part, to optimize Q, 

payoff function used in optimization procedure, input 

azimuthal angle in spherical coordinate system, radians 
(input-output, degrees) 

azimuthal angle in "initial condition" oriented 
spherical system, degrees 

Y PSI index for performance of optimization procedure 
when variations in control programs are being used 
solely to achieve terminal constraints 

+ terminal constraints in optimization procedure, input 
as CON 

lower or bottom limits on terminal constraints, input 
as S I B  

upper or top limits on terminal constraints, input 
as SIT 

% 

+T 

errors in meeting specified values of terminal constraints 
+E 

R stopping condition in optimization procedure, input as 

R 
STOP and STOPV 

angular velocity of earth, radians sec , input -1 
e 

Subscripts 

A actual 

i, j indices 

k index designating time at which LAMCOS-DO is employed 
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I1 

L matrix consists of only those rows and/or columns for 
which the elements of L are nonzero 

0 initial condition 

P predicted 

component along the related coordinate axis I r r  6 ,  @ 

x, YI 

Superscripts 

differentiation by time 
I transpose of the matrix 

* associated with last acceptable iteration (except 
where used with coordinate angles e* and $*) 
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APPENDIX 111 

DEFINITION OF VALUES IN COMMON STORAGE 

COMMON / INPUT / 
1 

3 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

CASENO (2 ) 

ID(3) 
XVT 

XGAMMD 

XBETAD 

XH 

XTHETD 

XPHID 

GS 

GMASS 

PAYOFF 

STOP 

S TOPV 

HP 

AI T 

XDPSQ 

A1 1 

A1 2 

vO 

BO 

hO 

$0  
S 

m 

(dP ,2 

A1 2 

COMMON NO. 1 

Case Number and iteration number. Input symbol 
CAS E NO 

Identification, alpha-numeric. Input sumbol ID 

Initial velocity in ft./sec. Input sumbol VEL 

Initial flight path angle in deg. Input symbol 
GAMMA 

Initial heading angle in deg. Input symbol BETA 

Initial height in ft, Input symbol H 

Initial co-latitude in deg. Input symbol THETA 

Initial longitude in deg. Input symbol PHI 

Glide reference area in fta2 Input symbol GS 

Glide mass in slugs. Input symbol GMASS 

Library number of payoff function. Input symbol 
PAYOFF 

Library number of stopping function. Input 
symbol STOP 

Stopping value in units of stopping function. 
Input symbol STOPV 

Print interval for forward trajectory in sec. 
Input symbol PRTHNT 

Maximum number of iterations. Input symbol NIT 

Initial steepest-descent step size. Input 
symbol DPSQ 

Constant for increase of (dP) . Input symbol 
DPINC 

Constant for decrease of (dP) e Input symbol 
DPDEC 

2 

2 
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22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

A2 1 

A2 2 

A3 1 

A3 2 

A3 3 

DELF 

CEHIM 

DPSQM 

K1 

R1 

N1 

K2 

R2 

N2 

AH1 

AH2 

AHRl 

AHR2 

A2 1 

A2 2 

A3 1 

A3 2 

A 33 

NAF 

(dP);IN 

QC K 

QC 
R 

QC 
N 

QR 
K 

QR 
R 

QR 

AH1 

AH2 

A 

N 

QD1 

A 
QD2 

Constant dividing excellent and good Y .  Input 
symbol PSIEG 

Constant dividing good and poor Y .  Input 
symbol PSIGP 

Constant 0 1 )  dividing good and excellent 2. 
Input symbol PHIGE 

Constant (<1) dividing excellent and good 2. 
Input Symbol PHIEG 

Constant dividing good and poor - CP. Input 
symbol PHIGP 
Number of times 1 A01 I A0 before stop. 
Input symbol NDELF- 

Minimum actual gradient. Input symbol CDELM 

Minimum (dP)2. Input symbol DPSQM 

Constant for convective heating. Input symbol 
KQC 

Constant for convective heating. Input symbol 
RQC 

Constant for convective heating. Input symbol 
NQC 

Constant for radiative heating. Input symbol 
KQR 

Constant for radiative heating. Input symbol 
RQR 

Constant for radiative heating. Input symbol 
NQR 

Constant for altitude penalty function. Input 
symbol AH1 

Constant for altitude penalty function. Input 
symbol AH2 

Constant for heat rate penalty function. Input 
symbol AQDl 

Constant for heat rate penalty function. Input 
symbol AQD2 

*IN 
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I1 

4 0  

4 1  

42 

43  

44 

45 

46 

47  

48 

49 

5 0  

5 1  

5 2  

5 3  

5 4  

55 

56 

5 7  

5 8  

LAM 

SLPE 

MU 

GJ 

RF 

OMEGA 

RE 

RPC 

TLIM 

HLIM 

A23 

A34 

ORDA 

HNOMA 

EUA 

ELA 

HMAXA 

HMINA 

YCA 

e 

'e 

P 

J 

Rf 

e s2 

e R 

R 
P 

A23 

A 
3 4  

LAMCOS-DO equal interval indicator. Input 
symbol LAM 

Sea level pressure lbs./ft. . Input symbol 
SLPE 

Gravitation constant in ft .3/sec 
symbol MU 

Gravitation constant. Input symbol J 

Reference radius for gravitation of earth in 
ft. Input symbol RF 

Angular velocity of planet in rad./sec. 
symbol OMEGA 

Radius of oblate spheroid at equator in ft. 
Input symbol RE 

Radius of oblate spheroid at pole in ft. Input 

2 

Input 

Input 

symbol RPC 

Time limit in sec. 

Height limit in ft. 

Constant for reject 
PSIRJ 

Constant for reject 
PHIRJ 

Input symbol TLIM 

Input symbol HLIM 

based on Y. Input symbol 

based on Input symbol 

Order of differences for MARK during forward 
integration. Input symbol O m A  

Nominal step-size for MARK during forward 
integration, Input symbol HNOMA 

E for MARK during forward integration. Input 
symbol EUA 

- E for MARK during forward integration. Input 
symbol ELA 

Maximum step-size for MARK during forward 
integration. Input symbol HMAXA 

Minimum step-size for MARK during forward 
integration. Input symbol HMINA 

YCLOW for MARK during forward integration. Input 
symbol YCA 

- 
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59 

60 

61 

62 

63 

64 

65 

66 

166 

266 

274 

282 

290 

298 

302 

305 

308 

311 

314 

464 

564 

I1 

ORDB Order of differences for MARK during adjoint 
integration. Input symbol ORDB 

HNOMB Nominal step-size for MARK during adjoint 
integration. Input symbol HNOMB 
- 

EUB E for MARK during adjoint integration. Input 
symbol EUB 

ELB - E for MARK during adjoint integration. Input 
symbol ELB 

HMAXB Maximum step-size for MARK during adjoint 
integration. Input symbol HMAXB 

integration. Input symbol HMINB 
HMI NA Minimum step-size for MARK during adjoint 

YCB YCLOW for MARK during adjoint integration. 
Input symbol YCB 

ANTABX (100) a (t) Nominal control variable program of a (t) . 

SNTABX(100) 0 (t)Nominal control variable program of 0 (t) . 

CON (8) II/ Numbers of constraint function. Input symbol 

SIT(8) qT Upper limits on constraints. Input symbol SIT 

Lower limits on constraints. Input symbol SIB SIB (8) 

E P S  (8) E Small tolerance on constraints limits. Input 

EOST (4) End of stage times in sec. Input symbol EOST 

Input symbol ALPHA 

Input symbol SIGMA 

CON 

+B 

symbol E P S  

A Exit areas in ft.2 for boost stages. Input e AE (3) 
symbol AE 

REFA(3) S Reference area in ft.2 for boost stages. Input 
symbol REFA 

i i in degrees for boost stages. Input symbol IT 

6T b in degrees for boost stages. Input symbol DT 
T T  

T 

IT(3) 

DT (3) 

TMTAB(150)TSL(t)Thrust and mass tables versus time for boost 

TAUTAB(100)T (a) Acceleration penalty function. 

WTAB(50,3)W(t) Weighting function. Input symbol WT 

m(t) stages. Input symbol TMT 

Input symbol TAU 
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714 

758 

862 

1462 

2062 

2063 

2264 

2465 

2474 

247% 

2488 

2528 

2668 

I1 

MTAB ( 1 1 , 4 )  Mach tables f o r  l i f t  and d rag  c o e f f i c i e n t s .  
Inpu t  symbol MCLCD 

symbol ACLCD 
ATAB(26,4) a tables f o r  l i f t  and d rag  c o e f f i c i e n t s ,  I n p u t  

CLTAB(150,4)tblM)Lift c o e f f i c i e n t s .  I n p u t  symbol CL 

CDTAB (EO, 4)cb1P4 Drag c o e f f i c i e n t s  Inpu t  symbols CD 

DELTA 

ATABX 

S TABX 

u 

2 0 1 )  c1 (t)  

2 0 1 )  0 (t)  

LAMTAB ( 9 ) 

PRTOPT (4 )  

INPUTX (10) 

HFMT (140) 

DFMT (140) 

IGO(170) 

COMMON / VAR / 
1 RADIAN 

2 D10 

3 D 1 1  

4 D 1 2  

5 D13 

6 D14 

7 D20 

I n t e r v a l  i n  s e c ,  between computed p o i n t s  i n  
c o n t r o l  v a r i a b l e  tables.  Inpu t  symbol DELTA 

Computed c o n t r o l  v a r i a b l e  t a b l e  f o r  a i n  deg. 
Inpu t  symbol UPHX 

Computed c o n t r o l  v a r i a b l e  table  f o r  o i n  deg. 
Inpu t  symbol SIGMX 

T i m e s  i n  sec. a t  which LAMCOS-DO w i l l  be per- 
formed. Input  symbol LAMT 

P r i n t  and punch o p t i o n s .  Inpu t  symbol PRTOPT 

Ex t ra  i n p u t  area. I n p u t  symbol I N P U T  

T i t l e  format a r e a .  I n p u t  symbol HFMT 

Column heading format area. Inpu t  symbol 
DFMT 

I G O  b locks  for sub rou t ine  OUT. I n p u t  symbol 
I G O  

@ O M M O N v @ 2  - 

Constant  57.2957795; conversion f a c t o r  deg rees  
p e r  r a d i a n  

2 
Common t e r m ;  = 1-1 J R f  

II 2 
'I ; = 4pJR 

II 
I' : = 8pJRf f2 

I' : = 2 w J R f  f 2  

II 2 
'I ; = 6wJR 

II 

II 11 ; = 21-1 



8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

D30 

D31 

D3 2 

ALPHD 

S I GMD 

ALPHR 

S I GMR 

CS IGM 

SSIGM 

CTHET 

STHET 

R 

H 

VHSQ 

VTSQ 

VH 

T V 

PEA 

RHO 

SOFS 

MACH 

MASS 

TH 

THR 

COSIT 

SINIT 

COSDT 

SINDT 

a 

a 
a 

a 
cos0 

sina 

case 
sine 

r 

h 
2 

vH 

vH 

vT 

vT2 

00 
P 

P 
C 

M 

m 

TSL 
T 

I1 

2 
e Common term; = R 

II II . = 2R 
e 

I I  11 ; = 2$ 
e 

Control variable; degrees 

Control variable; degrees 

Control variable; radians 

Control variable; radians 

Cosine control variable a 

Sine control variable a 
Cosine state variable 8 

Sine state variable 8 

Radial distance in spherical co0rdinates;feet 

Altitude; feet 

2 2  
m 
Velocity; d z  ; feet/second 

2 Atmospheric pressure; pounds/foot 

Atmospheric density ; s lugs/foot3 

Atmospheric speed of sound; in feet/second 

The atmospheric variables are computed by 
subroutine ATM 

Mach number; real 

Mass; slugs; input 

Sea level thrust; pounds; input 

Thrust adjusted for altitude; pounds 

cos 

sin 5 
cos 6 T 
sin 6 T 
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Component of t h r u s t  
X 

36 THRX T 

37 THRY T 

38 THRZ T 

39 CALPH cos a Cosine  con t ro l  var iable  a 

I 1  I 1  

Y 
I 1  I I  

z 

40 SALPH s i n a  S i n e  c o n t r o l  v a r i a b l e  a 

4 1  c1 
42 c2 

Common t e r m ;  cos a/vT 
I 1  

T 
I' ; s i n  a/v 

I 1  

T 43 c 3  IS ; cos a/v 
44 c4 I 1  

T 
'I ; s i n  O/V 

I 1  ; w s ino/v + ( u v  C O S O ) / V  v 
H H T  45 c 5  

Ii I' ; v s i n o / v  - ( u w  C O S O ) / V  v 
H H T  46 C6 

47 THRR T 

48  THRT 

49 THRP T 

A 
Component of t h r u s t  i n  r d i r e c t i o n  r 

' e  
@ 

I 1  4 i n  8 d i r e c t i o n  
I I  A i n  @ d i r e c t i o n  

50 S S Refe rence  a r e a  

5 1  x1 Common t e r m ;  p svT/2m 

52 x2 

53 x3  

54 x4 
55 x5  

56 X6 

57 x7 

58  X 8  

59 x 9  

60 RS Q 

I S  
L 

It ; r R s i n e  % 2R w e e 

I! 4 6 1  R4 TH " ; r 

62 SQRHO -v, P 7 



I1 

6 3  ACELG a Acceleration in g's 

64  TAU T ( F $  A function of acceleration; input 

65 TIMEH Time when altitude equals AH2 (use by 
penalty function C) 

input 

input 

66 CL %(M,a) Lift coefficient; a function of Mach and a; 

%(MI") Drag coefficient; a function of Mach and a; 67 CD 

68 TF I NAL Time at end of forward trajectory 

6 9  B56 
2 2  Common term; v +w 
2 2 2  Common term; u +v +w 70 B58 

2 
7 1  PEH Atmospheric pressure at h+500 ft.; pounds/foot 

-i 

72  PHOH Atmospheric density at h+500 ft. ; slugs/foot' 

7 3  1SOFSH Atmospheric speed of sound at h+500 ft.;foot/sec. 

74  PEL Atmospheric pressure at h-500 ft.;pounds/foot 
3 

75 ,! PHOL Atmospheric density at h-500 ft.; slugs/foot 

2 

I 

7 6  SOFSL Atmospheric speed of sound at h-500 ft.;feet/sec 

DPERH dP /dh Derivative atmospheric pressure respect to altitude 
03 

77 

7 8  DRRH dp/dh Derivative atmospheric density respect to altitude 

79 DSRH dc/dh Derivative atmospheric speed of sound respect 
to altitude 

8 0  CLHM 

81 CDHM 

8 2  CLLM 

8 3  CDLM 

84 PCLRM ax/aM 

8 5  PCDRM aE/aM 

86 DRPRT dR/dQ 

CL ( a  I M+ .05 ) 

c D (a,M+.05) 
C L (a,M-.05) 

C D (a,M-.05) 

Partial of C respect to Mach 

Partial of C respect to Mach 

2 ( R  -R )cosQ sine; derivative of radius of earth 
resEecYto e 

L 

D 
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8 7  B10 Common term; p ~ / 2 m  

88 B20 

89 B 2 1  

90 B30 

9 1  B 3 1  

9 2  B40 

93 B 4 1  

94 B50 

95 B 5 1  

II 

I t  

I 1  

I 1  

l a  

I 1  

II 

'I 

II II 2 96 B52 ; w  
9 7  B53 ; uv 

98 B54 ; uw 

99 B55 I1 ; vw 

100 €357 a" uvw 

101  B60 I' ; u / r  

1 0 2  E 6 1  I' ; v/r 

103 E 6 2  I' ; w/r 

I 1  II 

II II 

II 

II II 

I t  

I 1  

I t  

104 E 7 0  

105 E 7 1  

106 B 8 1  

I t  ; 2CD+MaCD/aM 
I I  I' ; 2CL+MaCL/aM 
I t  a" 2R cose 

e 
II 

'I ; 2R sine e 107 B82  
108 B90  II II ; (cote)/r 

109 B 9 1  

110 B92 

111 B 9 3  
I S  1 1 2  BlOO 
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I1 

1 1 3  

114 

115 

116 

117  

118 

1 1 9  

1 2 0  

1 2 1  

1 2 2  

1 2 3  

1 2 4  

1 2 5  

1 2 6  

127 

1 2 8  

1 2 9  

1 3 0  

1 3 1  

1 3 2  

1 3 3  

1 3 4  

1 3 5  

1 3 6  

1 3 7  

1 3 8  

1 3 9  

' 1 4 0  

B I O I  

B102 

B103 

B104 

R3RD 

R5TH 

VT3 

B200 

B201 

VH 3 

B202 

€3204 

PTRRU 

PTTRU 

PTPRU 

PTRRV 

PTTRV 

PTPRV 

PTRRW 

PTTRW 

PTPRW 

PTHRH 

PTXRH a T  /ah 

PTYRH aT /ah 

PTZRH a T  /ah 

B300 

B301 

B 3 0 2  

X 

Y 
z 

Common term: CD dp/dh- (pM/c) (dc/dh) (aC D /aM) 
I 1  I' 

'I : ~/2m 
; CL dp/dh- (~M/c) (dc/dh) (aCL/aM) 

I 1  

I I  I I  
2 : R sine e 

Common term 
I 1  I 1  

Common term 
I I  I 1  

Derivative of atmospheric pressure respect to 
altitude 

Common term 
I1 I 1  

I t  I 1  
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141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

PTRRR a~ /ar 
PTTRR aT,/ar  

PTPRR a~ /ar 
B404 Common t e r m  

B405 

r 

@ 

I 1  II 

B400 II I t  

SCLCD 2 2 1/2 i c  +CD 1 L 
DTRA d-r(a)/da 

B401 Common t e r m :  a (dz(a) /da) /T(a)  

B402 

2 

I 1  I! 

B403 II I 1  

B406 II II 

B407 

PTRRA a T  /aa 

I 1  II 

r 
PTTRA aT,/dci 

PTRRS a T  /ao 

PTTRS dT,/aa 

PTPRS aT,/aO 

PTPRA d T  /aa 
@ 
r 

El 

E2 

E3 

Common t e r m ;  = (cosa)/vm 
I 

I 1  

T I' : = ( s i n a ) / V  

' I  ; = v cos5 II 

H 



I1 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

19 1 

194 

195 

196 

CLAH 

CDAH 

PCLRA ac,/aa 
PCDRA aCD/aa 

B130 

B131 

PTRG 

S TRG 

DTRG 

GTRG 

SRAT 

MUD CL 

NUD V 

PHISD @ 
* 
* 

THETSD e 
BETAD f3 

G- Y 
THETD e 
PHID @ 
DYNA 

ENER 

AS T 

RG 

SFRM(1500) 

NORA 

HNA 

NEQA 

TIMEA t 

C (a+.005,M) 

C (a+.005,M) 
L 

D 

Common term 
II II 

Print trigger variable 

Staging trigger variable 

LAMCOS-DO trigger variable 

Influence function trigger 

Stopping trigger. Forward trajectory is 
terminated when SRAT = 0 

Coordinate angle; degrees; real 

Coordinate angle; degrees; real 

Coordinate angle; degrees 
II II II 

I 

Heading angle; degrees 

Flight path angle; degrees 

State variable; degrees 

State variable; degrees 

Dynamic pressure; lbs./ft. 

Energy: ft./lbs. 

Actual integration step-size used by MARK; 
seconds 

MARK truncation error 

Storage for MARK 

Order of forward integration 

Nominal forward integration step size; seconds 

Number of equations to be integrated 

Independent variable forward integration; seconds 

2 
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~ 198 

199 

200 

201 

, 
~ ' 202 

203 

~ 204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 
71 7 

218 

219 

220 

221 

210 

213 

I 

-A 

u U 

V V 

W W 

RX 

THETR 8 

PHIR @ 

PA Q 

Pa 

pH 

p~~ 

PB 

PC 

PD 

PE 

PI? 

u1 U 

v1 G 
w1 6 
RX1 r 

THETRl 0 
PHIRl 6 
PA1 
DR 1 
4. Y I  

PCl 

PD1 

PE1 

PF1 

NORB 

HNB 

State variable; velocity component; ft./sec 
II c I E  I 1  . r 

8 1  

II I E  II I *  
Y 11 

i 
I t  

State variable; radius; ft;; = r-R e 
U I  10 ; co-latitude; degrees 

; longitude; degrees II II 

Heat 

Acceleration penalty function 

Altitude penalty function 

Heat-rate penalty function 

Null 

Null 

Derivative 
I 

I I  

Order of adjoint integration 

Nominal adjoint integration step size: in seconds 
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I1 

214 

215 

217 

2 7 1  

1691 

5309 

5510 

5711 

5725 

5739 

5793 

5793 

5794 

5795 

5796 

5797 

5798 

5799 

NEQB 

TIMEB Independent v a r i a b l e  a d j o i n t  i n t e g r a t i o n  

ADJ (6 i9 )  Variable a d j o i n t  d i f f e r e n t i a l  e q u a t i o n s .  
1st s u b s c r i p t  for  a d j o i n t  X ,X ,X , X r l X ~ ,  
and X 2nd s u b s c r i p t  f o r  p:yoYf ?!unction 
and 0 t o  8 c o n s t r a i n t s  

Der iva t ives  f o r  t h e  a d j o i n t  d i f f e r e n t i a l  
equa t ions  

f o r  payoff  f u n c t i o n  and 0 t o  8 c o n s t r a i n t s .  
2nd s u b s c r i p t  f o r  t h e  t w o  c o n t r o l  v a r i a b l e s ,  a 
and 0 .  

spaced p o i n t s .  

Maximum number o f  equat ions  t o  be i n t e g r a t e d  

6 
DADJ(6,9) 

GL (9,21201) S to rage  f o r  i n f l u e n c e  f u n c t i o n s .  1st s u b s c r i p t  

3rd s u b s c r i p t  f o r  t h e  201 equal-t ime- 

ATABS (201) S to rage  f o r  c o n t r o l  v a r i a b l e  a ;  r a d i a n s  

STABS (201) S to rage  f o r  c o n t r o l  v a r i a b l e  0 ;  r a d i a n s  

PARTS ( 14)  S to rage  f o r  p a r t i a l  d e r i v a t i v e s  o f  s topp ing  
f u n c t i o n .  PARTS(14) = t o t a l  d e r i v a t i v e  

S to rage  f o r  p a r t i a l  d e r i v a t i v e s  o f  payoff  and 
c o n s t r a i n t  f u n c t i o n s .  PARTC(14) = t o t a l  
d e r i v a t i v e  

S to rage  f o r  c o n s t a n t  a d j o i n t  d i f f e r e n t i a l  
equa t ions .  
a d j o i n t  d i f f e r e n t i a l  equa t ions .  2nd s u b s c r i p t  
f o r  payoff  and 0 t o  8 c o n s t r a i n t s  

F m a t r i x  a s s o c i a t e d  w i t h  v a r i a b l e  a d j o i n t  
d i f f e r e n t i a l  e q u a t i o n s  

PARTC (14) 

CADJ(6,9) 
1st s u b s c r i p t  f o r  t h e  c o n s t a n t  

F ( 6 , 6 )  

PFURU ali/au 

PFVRU aC/aU 

PFWRU awau 
PFRRU a:/& 
PFTRU a m u  
PFPRU a$/& 
PFURV a u a v  
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5800 

5801  

5802 

5803 

5804 

5805 

5806 

5807 

5808 

5809 

5810 

5811  

5812 

5813 

5814 

5815 

5816 

5817 

5818 

5819 

5820 

5 8 2 1  

5822 

5823 

5824 

5825 

5826 

5827 

5828 

PFVRV 

PFWRV 

PFRRV 

PFTRV 

P F P R V  

PFURW 

PFVRW 

PFWRW 

PFRRW 

PFTRW 

PFPRW 

PFURR 

PEVRR 

PFWRR 

PFRRR 

PFTRR 

PFPRR 

PFURT 

PFVRT 

PFWRT 

P F R R T  

P F T R T  

P F P R T  

PFURP 

PFVRP 

PEWRF 

P F R R P  

P F T R P  

P F P R P  
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5829 C F ( 6 , 6 )  F matrix associated with constant adjoint 
differential equations 

5829 

5830 

5831 

5832 

5833 

5834 

5835 

5836 

5837 

5838 

5839 

5840 

5841 

5842 

5843 

5844 

5845 

5846 

5847 

5848 

5849 

5850 

5851 

5852 

5853 

5854 

’ 5855 

5856 

5857 

5858 

PFARU 

PFBRU 

PFCRU 

PFDRU 

PF ERU 

P F F R U  

PFARV 

PFBRV 

PFCRV 

PFDRV 

P F E R V  

P F F R V  

PFARW 

PFBRW 

PFCRW 

PFDRW 

PFERW 

PFFRW 

PFARR 

PFBRR 

PFCRR 

PFDRR 

PFERR 

P F F R R  

PFART 

P F B R T  

PFCRT 

PFDRT 

P F E R T  

P F F R T  

a’/au (Note: I n  5829-5864 and 5877-5888, a, b, c, 
a;l/au d, e, f, represent the functions FA, 

P B ,  . . . PF respectively; See 204- 
209) 
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I 

I 
5859 PFARP a i m  
5860 PFBRP a;/aQ 
5861  PFCRP sua@ 

5862 PFDRP &./a@ 
5863 PFERP aVaQ 
5864 PFFRP ai/a@ 

I 

5865 G ( 6 , 2 )  

5865 PFURA 

5866 PFVRA 

5867 PFWRA 

~ 5868  

~ 5869 

5870 

5 8 7 1  

5872 

5873 

5874  

5875 

5876 

E 5877 

PFRRA 

PFTRA 

PFPRA 

PFURS 

PFVRS 

PFWRS 

PFRRS 

PFTRS 

PFPRS 

CG ( 6 , 2 1  

I 5877 PFARA 
I 
I 

5878  PFBRA 

5879  PFCRA 

I 5880  PFDRA 

I 5881 PFERA 

5882 PFFRA 

5883  PFARS 

5884 PFBRS 

5885 PFCRS 

I 

G m a t r i x  a s s o c i a t e d  wi th  v a r i a b l e  a d j o i n t  
d i f f e r e n t i a l  equa t ions  

a v a a  
ac/aa 
at;/& 
ai-/& 
&/aa 

&/aa 
ail/au 
a v a U  
&/aa 
ai-/& 
&/aa 

a h 7  

G mat r ix  a s s o c i a t e d  w i t h  c o n s t a n t  a d - ~ o i n t  
d i f f e r e n t i a l  equa t ions  

ai/& (See Note a t  5829)  

&/aa 
a;./aa 
aii/aa 
a v a a  
&/act 

aii/au 
a m 0  
ae/ao 

111-17 



I1 

5886 PFDRS a m o  
5887 PFERS a v a o  
5888 PFFRS 

5889 LAMP(9) LAMP*TFINAL give times, in seconds, for 
LAMCOS-DO 

pSV% /2 
T L  

5898 VARX(25) Extra space for additional variables 

5898 LIFT 

5899 DRAG 

- 

5900 DA 6a 

5901 DS 6a 

COMMON / ANAL / COMMON NO. 3 

1 HI @ Value of payoff function 

2 HIS @* Value of payoff function last acceptable iteration 

3 SIA(8) II/ Matrix of values of terminal constraint functions 

11 SIAS(8) 7 ( / *  Matrix of values of terminal constraint functions 
for last acceptable iteration 

19 SIE(8) Matrix of the errors between the actual values 
of II/ and the desired values 

27 SIES(8) II/* Matrix of the errors between the actual values 
of 7 ( /  and the desired values for last acceptable 
iteration 

Composite performance indicator for constraints 
only 

36 CSIAS YA* Composite performance indicator last acceptable 
iteration 

e 

. 'A 35 CSIA 

Predicted change in Y 

Actual change in Y! 

Ratio of&! to dY! 

dyP 

dY!A 

RdY! A P 

37 CDSIP 

38 CDSIA 

39 CRDSI 

40 OHIA 

41 CHIAS 9* Composite performance indicator for last 

(3 Composite performance indicator -A 

A acceptable iteration 
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4 2  

43  

44 

4 5  

5 3  

61 

62  

63 

64 

65 

66 

1 4 7  

1 4 8  

1 5 0  

158 

222 

226 

227 

2 2 8  

237 

2 3 8  

246 

254 

262 

326  

327 

3 2 8  

CDHIA 

CDHIP  

CRDHH 

DSIA(8) 

RDSI (8) 

DHLA 

DHE P 

RDHI 

DP 

E H I  

CEHI  

d@ 

dQ, 
-A 

-P 

Rd@ 

d% 

d@A 

d@P 

dlc/ 
R 

RdO 

dP 

A0 

A? . 

DBETA (8) 

Actual  change i n  - 0 
P r e d i c t e d  change i n  9 
Rat io  of dQ, t o  dQ, 

Actual  change i n  t e r m i n a l  c o n s t r a i n t s  

Ra t io  of  a c t u a l  change over  p r e d i c t e d  change 
i n  te rmina ted  c o n s t r a i n t s  

Actual change i n  payoff f u n c t i o n  

P r e d i c t e d  change i n  payoff f u n c t i o n  

Rat io  of  a c t u a l  t o  p r e d i c t e d  change i n  payoff  
f u n c t i o n  

Square r o o t  of s t e e p e s t - a s c e n t  s t e p  s i z e  

Actual  g r a d i e n t  of  payoff f u n c t i o n  

Actual  composite g r a d i e n t  

S torage  f o r  computation of i n t e g r a l s ;  rea l  

R e a l  

-A -P 

R e a l  

R e a l  

Weighting func t ion  

- D e s i r e d .  chanrje i n  terminal constraints 

S c a l e  f a c t o r  

P red ic t ed  change i n  t e r m i n a l  c o n s t r a i n t s  

P red ic t ed  change in t e rmina l  c o n s t r a i n t  t h a t  
i s  i n a c t i v e  

s 
- kqQo b X o  

ISSIL(8 ,8 )  1-l 

DPSQ (dP) S teepes t -ascent  s t e p  s i z e  

DPSQK 

w!j 
2 
k 

(dP) S teepes t -ascent  s t e p  s i z e  l e f t ;  LAMCOS-DO 

R e a l  '@@k IHHK 
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I1 

329 

337 

401 

465 

473 

581 

1013 

1014 

1015 

ISHK(8) I 

ISSK(8,8) I 
l(/@k 

DBETAK (8)  df3, 

STVRS ( 1 2 , 9 )  

LAMBDA(6,8,9) 

'Fk 

F l k  

2k 

SFCK 

F1K 

F2K 

COMMON / IVAR / 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

JTAPE 

KTAPE 

LTAPE 

I T N  

ITTN 

ISTAGE 

NC 

NT 

NRTN 

NRTG 

KACC 

KA 

R e a l  

R e a l  

R e a l  

S to rage  f o r  the s ta te  v a r i a b l e s  t o  be used 

S t o r a g e  f o r  v a r i a b l e  a d j o i n t  d i f f e r e n t i a l  
e q u a t i o n s  t o  be used by LAMCOS-DO. 1st sub- 
s c r ip t  a d j o i n t  d i f f e r e n t i a l  e q u a t i o n s .  2nd 
s u b s c r i p t  0 t o  8 c o n s t r a i n t s .  3 rd  s u b s c r i p t  
1 t o  9 t i m e s ;  R e a l  

by LAMCOS-DO 

COMMON NO. 4 

P r i n t  o u t p u t  tape 6 

Not used 

S c r a t c h  tape 8 

I t e r a t i o n  count  

T r i a l  i t e r a t i o n  coun t  

Boost s t a g e  coun t  

N u m b e r  o f  c o n s t r a i n t s  

N u m b e r  o f  c o n s t r a i n t s  + 1 ( f o r  payoff  f u n c t i o n )  

Return i n d i c a t o r  from MARK 

T r i g g e r  r e t u r n  i n d i c a t o r  f r o m  MARK 

I t e r a t i o n  acceptable i n d i c a t o r  

1 = acceptable, 2 = n o t  acceptable 

1 = v a r i a b l e  (dP)  , 2 = f i x e d  (dP)  
2 2 
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13 KS Case stop indicator 

1 = Do not stop 

2 = Requested number of iterations complete 

3 = Composite gradient less than minimum 

4 = Current iteration acceptable but new 

value N times 
AF 

5 = Currgnt iteration unacceptable but new 
(dPIL < .Ol(dP)' MIN 

14 NIF 

6 = Trial iteration > 5 
Number of equal-time-spaced points to save 
influence functions along the trajectory. 
NIF=201 

Influence function count runs from 201 to 1 

Active constraint matrix 
1 = yes, 0 = no 

24 LS (8) Active constraint matrix last acceptable 
iteration 

COMMON / FORW 1 STRAJ(20,13) Storage for the forward trajectory 
written and read from tape, 
Referenced by decks TOS, SFR, and ADT 

COMMON / ISTATE / 

0 

0 

0 

O e  

1 UN U 

2 VN V 

3 WN W 

4 RXN r -R 
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I1 

THETN 

P H I N  

VHN 

CTHTN 

STHTN 

$0  

0 
sine 

111-22 


